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THE EFFECT OF ACETONE AND OF s3-HYDROXYLBU- 
TYRIC AND ACETOACETIC ACIDS ON 
THE BLOOD CATALASE. 


By W. BURGE. 


(From the Physiological Laboratory, University of Illinois, Urbana.) 
‘Received for publication, January 10, 1919.) 


Of the great number of investigators (1) who have worked 
on the respiratory metabolism in diabetes some have found a 
decrease in metabolism, some an increase, while others have found 
no change from the normal. Benedict and Joslin (2) have earried 
out the most extensive investigations of all those who have worked 
on diabetes in man and found an increase of about 15 per cent in 
metabolism. Benedict suggests that this increase in oxidation 
may be due to the stimulation of the cells of the body by the 
accumulation of substances such as 8-hydroxylbutyrie and aceto- 
acetic acids and acetone. From the literature it would seem 
that the preponderance of evidence is in favor of those who claim 
that oxidation is increased in diabetes. 

We had already found that when oxidation was increased, as 
for example after the ingestion of food, there resulted an increase 
in catalase due to the stimulation of its production by the ali- 
mentary glands, particularly the liver, and that when oxidation 
was decreased, as in chloroform narcosis, there resulted a corre- 
sponding decrease in catalase due to the direct destruction and 
decreased output of this enzyme from the liver. These and simi- 
lar observations were taken to mean that catalase is the enzyme 
in the body principally responsible for oxidation. The present 
investigation was begun in an attempt to determine whether the 
introduction into animals of acetone and 8-hydroxylbutyric and 
acetoacetic acids, substances which are found in large quantities 
in severe cases of diabetes, would stimulate the alimentary glands, 
particularly the liver, to an incrensed output of catalase, and thus 
produce an increase in oxidation. The animals used were rab- 
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bits and dogs. The g-hydroxyvlbutvrie and acetoacetic acids were 
given in the form of sodium salts. The amounts of the substances 
will be given in the description of the individual experiments. 
The catalase was determined by adding 0.5 ec. of blood to diluted 
hvdrogen peroxide at approximately 22°C. in a bottle, and the 
amount of gas liberated in 10 minutes was taken as a measure of 
the amount of catalase in the 0.5 ec. of blood. 

After exposing the jugular vein and opening the abdominal 
wall with the use of a loeal anesthetic, quinine and urea hydro- 
chloride, 5 gm. per kilo of 380 per cent solutions of acetone and 
3-hyvdroxyvlbutvrie and acetoacetic acids were introduced into the 
upper part of the small intestines of rabbits. Determinations 
of the catalase of blood taken from the jugular were made before 
as well as at 15 minute intervals after the introduction of the 
materials. The results of the determinations are given in Fig. 1. 
The ordinates represent amounts of catalase measured in ec. of 
oxygen, and the abscissiwe, time in minutes. It may be seen under 
acetone that previous to the introduction of this substance into 
the intestine, 0.5 ec. of blood liberated 285 ce. of oxygen from 
hydrogen peroxide; 30 minutes after the introduction, 0.5 ec. of 
blood liberated 350 ce. of oxvgen, and after 45 and 60 minutes, it 
liberated 860 ec. of oxygen. It may be seen also under aceto- 
acetic acid and $-hydroxylbutvrnic acid that the introduction of 
these substances into the intestine produced an increase in catalase. 

The object of the second part of this paper was to determine 
the mode of action of acetone and s-hydroxylbutyric and aceto- 
eeetic aeids in producing an increase in catalase. We had already 
observed that the catalase content of the blood of the liver was 
vlways 15 to 20 per cent higher than that of the blood from any 
other part of the body. This observation was interpreted to mean 
that the liver was continually replenishing the blood and hence 
the tissues with catalase. We had also found that after the 
ingestion of food the catalase of the blood of the liver was in- 
ereased more rapidly than that from any other part of the body. 
This observation was taken to mean that the absorbed food ma- 
terials, being earried to the liver, were stimulating this organ to 
an inereased output of catalase. It was also found that when 
the liver was cut out of the circulation by means of an lick 
fistula and by tying off the hepatic arteries, the introduction 
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of ethyl alcohol into the alimentary tract produced a very small 
or no increase, whereas normally this substance produces a large 
Increase In catalase. From these observations, the conclusion 
was drawn that the liver is the principal organ in which catalase 
is formed and given off to the blood. Stated more specifically, 


ACETONE ACETO-ACETIC ACID | 4-HYDROXYLBUTYRIC ACID 


AIMOUNTS OF CATALASE MEASURED IN CC OF OXYGEN 


4 


0 iS 30 45 60 0 15 30 45 60 75 0 1S 30 45 60 75 $9 
TIME IN MINUTES 


Fie. 1. Curves showing the increase produced in the catalase of blood 
of rabbits by the introduction into the intestine of acetone, 8-hydroxyl- 
butyric acid, and acetoacetic acid. 


the second part of this paper is concerned with determining 
whether the increase in catalase after the introduction of acetone 
and 3-hydroxylbutyrie and acetoacetice acids is due to the stimu- 
lation of the liver to an increased output of this enzyme. 

After etherizing dogs and opening the abdominal wall, 5 gm. per 
kilo of 30 per cent solution of acetone, 8-hydroxylbutyvrie acid, 
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and acetoacetic acid were introduced into the upper part of the 
intestine. The catalase in 0.5 ce. of blood taken directly from 
the liver and the portal and jugular veins was determined before 
as well as at 15 minute intervals after the introduction of the 


ACETONE ACETO-ACETIC ACID AB-HYDROXYLBUTYRIC ACID 
i100 T 
ee po 97 | 
95 4 
LZ 162 | BO | 
| | qo 
i 
0 '5 30 45 60 0 15 30 45 60 75 90 0 15 30 45 60 75 90 


TIME IN MINUTES 
kia. 2. Curves showing the increase in the catalase of the blood of the 
liver and portal and jugular veins produced by the introduction of acetone 
and @-hydroxylbutyrie and aceto-acetic acids into the intestine of dogs. 
The solid line curves show amount of catalase in the blood of the liver, 
broken line curves the amount in the portal vein, and the dotted line 
curves the amount in the blood of the jugular vein. 


different materials. The blood of the liver was collected from a 
superficial incision made in this organ. The results of the deter- 
munations are given in Fig. 2. The ordinates represent amounts 
of catalase measured in ce. of oxygen, and the abscisse, time in 
minutes. The solid line curves were constructed from data ob- 
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tained from the blood of the liver, the broken line curves from 
the blood of the portal vein, and the dotted line curves from 
the blood of the jugular vein. It may be seen under acetone that 
previous to the introduction of this material into the intestine, 0.5 
ec. of blood from the liver liberated 78 ce. of oxygen from hydro- 
gen peroxide, while 0.5 ec. of blood from the portal and jugular 
veins liberated 75 cc. 30 minutes after the introduction of the 
acetone, the catalase of the blood of the liver and the portal and 
jugular veins was increased as indicated by the increase in the 
amount of oxygen liberated from hydrogen peroxide. The ecata- 
lase of the blood of the liver was increased particularly during the 
first 15 minutes to a greater extent than that of the portal or 
jugular veins. This is taken to mean that the acetone was stimu- 
lating the liver to an increased output of catalase. It may be seen 
also that the introduction into the intestine of the acetoacetie 
and $-hydroxylbutyrie acids produced an increase in catalase. 


SUMMARY. 


The increased oxidation in diabetes is attributed to the increase 
in catalase which is due to the stimulation of the liver to an in- 
creased output of this enzyme by acetone and 3-hydroxyvlbutyric 
and acetoacetic acids. 
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LACTOSE, FAT, AND PROTEIN IN MILK OF VARIOUS 
ANIMALS. 


By OTTO FOLIN, W. DENIS, anp A. Ss. MINOT. 


(‘From the Biochemical Laboratories of the Harvard Medical School and of 
the Massachusetts General Hospital, Boston.) 


(Reeeived for publication, January 20, 1919.) 


During the past vear we published descriptions of two methods! 
for the determination of lactose in milk, by means of which we 
were able to determine the sugar in milk rapidly, and with « 
considerable degree of accuracy. These methods have also the 
advantage that they may be carried out on relatively small quan- 
tities of material, a factor of importance when the milk of small 
animals is to be studied. In Tables I to IIT we have colleeted 
the results obtained by the use of our method in the examination 
of the milk of various animals. Vor the sake of completeness we 
have also included the figures for fat and protein. 

hat was determined by the Babeock method for the larger ani- 
rugds, while in the guinea pig, the rabbits, the cats, and the dog 
we have emploved Bloor’s nephelometrie method? which requires 
but 1 ce. of milk for duplicate determinations. Protein was eal- 
eilated from the nitrogen figures obtained by the Kyeldshl- 
(running method. 

The figure given for cow's milk is an average of the analysis 
of the milk of twenty-one cows from the Hospital dairy: these cows 
neluded eleven Holstein, four Jersey, and six of mixed breed. 

We are indebted to Dr. Fritz Talbot for the ssumples of milk of 
the goat, sheep, dog, mare. and women. 

The data obtained on the cats and rabbits cover practically 
the entire period of active Inetation, as we discontinued milking 
these animals only when the amount of milk obtainable was so 
smallas to be inadequate for analysis. Our cats were fed on 
lean beef and whole milk, the rabbits on oats and eabbage. 


‘Folin, O.. and Denis. W.. J. Biol. Chem... 321. 
> Bloor, W. R.. J. Am. Chem. Noec., 1914. xxxvi. 1300. 
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Lactose, Fat, and Protein in Milk 


TABLE I. 


Analyses of Rabbit’s Milk. 


Date of | 
milking. | 


1918 
Mar. 


Apr. 


23 
29 
29 

] 


10 


Lactose. | 


Fat. 


i 


; 


| Protein. 


Remarks. 


| per cent 


45 


om 
= 


per cent 


per cent 
13.7: 
14.3 
10.1 
11.8 
13.1 


~ 


. 


te 


Rabbit 1. Delivered Mar. 12. 


Very little milk. Young rabbit practi- 
cally weaned, 


IO 
um CD CS 
oo & 


= 


Rabbit 4. Delivered 1.00 p.m., Apr. 9. 
First milk taken 4.00 p.m. of same day. 


Rabbit 5. Delivered Apr. 18, a.m. First 
milk obtained about 4 hrs. later. 


| 
ae 
; 
j 
| 6.5 | 
| | | 
| 
i 
| 17.60 | 11.80 | | 
14.40 | 11.37 | 
13.6 13.57 | 
116.0 | 11.37 | 
Apr. 18S} 1.1 | 44.4 21.84 | 
} 
May 1, 1.8 16.6 |; 11.8 | 
i 
| 
i 
| 
; 
| 


Ae 


Date of 
milking. 
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TABLE II. 
Analyses of Cat's Milk. 


Lactose. 


. 
Fat. | Protein. temarks. 


Mar. 


~ 


cent | 


per 


10.. 
10. 
H. 
10. 


cent 


per cent | 


Cat 1. Five kittens born Mar. 24, p.m. 


bo 


10.9 | Cat 2. Three kittens born during night 
of Apr. 10-11. 


Fi to 


7.87 | Cat 3. Six kittens born 5 p.m., Mar. 25. 


= 
; 
— 
Apr. 2 Q | | 
4A | lms | | 
4 May 31] | 9.2 | 10.9 | 
| 
| | | | 
Apr. 9| 3.0 | 18.1 
19 30 1143 | 9:62 
“ 29 138.3 
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Lactose, Fat, and Protein in Milk 


TABLE ITI, 


A nalyses of the Milk of Various Animals. — 


Protein 


per cent percent! per cent. 


S 


(auinea pig. | 


Pig. 


| 8 


~~ 
wt 
~* 


| | 
Sheep. 


aj 


- 


~ 

— 
— 


Reabbit. 


Ow. 


| 


4 


4 


S79 


2.14 


i 
i 
; 


Remarks. 


Milk taken 24 hrs. after delivery. 


5 wks. 

Pure Saanen (Swiss) goat. AMuilk 
taken S wks. after kidding. 

Grade Anglo-Nubian goat. Miulk 
tuken 44 mos. after kidding. 

Grade Anglo-Nubian goat, 50) per 
cent pure. Milk taken mos. 
after kidding. 

(Common American goat. Mialk taken 
3 mos. after kidding. 

Hampshire. vrs. old. Milk taken 


spl 


mos. after delivery. 
Russian wolf hound. Pups 3° 


old. ‘ 


Before being nursed by foal. 

Average oof results on samples, 
Foal 38) mos. old. 

Average of results on 10 samples of 
milk from 6 rabbits, 


Average of results of 260 samples of 


milk trom 4 eats. 
Avernge of results on trom 


cows. 


Avernge of results on milk from = S7 


worlen. 
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METHODS FOR THE QUANTITATIVE DETERMINATION 
OF THE NON-PROTEIN NITROGENOUS CON- 
STITUENTS OF MILK. 


By W. DENIS A. S. MINOT. 


(From the Chemical Laboratory of the Massachusetts General Hospital 
Boston.) 


(Received for publieation, January 25, 1919.) 


CONTENTS. 


About a vear ago work was commenced on a study of the non- 
protein fraction of milk. When this investigation was planned it 
was believed that the methods now in use for the determination of 
the non-protein constituents of blood could be used with advantage 
for the analysis of milk. Preliminary experiments soon proved, 
however, that our supposition was incorrect. The relatively large 
amounts of Inetose and of fat present in milk, and the difference 
in the chemical propertiesof the proteins of milk as compared with 
those of blood, have made it necessary for us to spend a consider- 
ible amount of time on working out analytical methods to fit our 
needs. The methods deseribed below have been used by us in 
the examination of a considerable number of samples of cow's and 
human milk and with this material have given good results. 


Total Non-Protein Nitrogen, 


A necessary preliminary to the determination of non-protem 
nitrogen in milk is a procedure for removing not only the protein, 
but slso lactose and fat. The necessity of complete removal of 
protein is obvious, and, while it might be possible to devise some 
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method of oxidation which would cope successfully with the 
problem of oxidizing the large quantities of fat and sugar present 
in milk, the easiest solution of the question lies in preliminary 
removal of these substances. 

Several procedures have been proposed for this determination. 
The older investigators use alcohol as a protein precipitant. 
Ritthausen! and later Munk? have recommended cupric hydrox- 
ide, Siebelein’ has made extensive use of tannic acid, while Simon! 
has obtained good results with m-phosphoric and trichloroacetic 
acids, 

In the procedure described below the desired result is obtained 
by two preeipitations; in the first protein and fat are removed 
by means of copper sulfate and heat, while in the seeond the lac- 
tose is disposed of by means of cupric hydroxide. We have 
found that the method of Salkowski® for the precipitation of glu- 
cose by alkaline copper solutions may also be applied to lactose, 
but have found the use of calcium hydroxide as recommended 
by Van Slyke® superior for our purpose to the sodium hydroxide 
used by Salkowski, as the excess of calcium hydroxide remaining 
in solution may be easily and quantitatively precipitated as 
‘alclum oxalate. Ammonium salts, urea, creatine, and creatinine 
may be earried through the above precipitations without loss. 
Uric acid is completely precipitated so that our results do not in- 
clude the nitrogen of this substanee. As the urie acid nitrogen 
of milk is but a small fraction of the total non-protein nitrogen, 
the error due to its loss is small. For some time we found it im- 
possible to effect even an approximately complete recovery of 
amino-acids: in some eases as much as 65 per cent of the amino 
nitrogen added (in the form of alanine or leucine) was lost dur- 
ing the process. The property possessed by amino-acids to pre- 
cipitate in the form of insoluble copper compounds, when these 
bodies are treated with alkaline cupric hvdroxide, has long been 
known and has of recent vears been made use of by Kober and 


' Ritthausen, H., J. prakt. Chem., 1877, xv, 329. 

> Munk, I., Virchows Arch. path. Anat., 1893, exxxiv, 501. 
Siebelein, J., Z. physiol. Chem., USS9, xiii, 157. 

*Simon, G., Z. physiol. Chem., 1901, xxxin, 466. 

Salkowski, Z. physiol. Chem., 1879, 11, 79. 

Van Slyke, D. D., J. Biol. Chem., 1918, xxxili, 455. 
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Sugiura’ for the quantitative determination of amino nitrogen. 
We have found it possible to prevent the formation of these in- 
soluble amino-copper compounds, and incidentally to obtain 
complete recovery of amino-acids carried through the three pre- 
cipitations, by the addition of a small amount of ammonia-free 
formaldehyde, after the first precipitation and before the addition 


of lime. 
The method as finally worked out for use with cow’s milk is 


as follows: 10 ce. of milk are pipetted into a 100 cc. volumetric 
flask, and to this are added approximately 50 ce. of water and 20 
ec. of 10 per cent copper sulfate solution to which has been 
added a sufficient amount of sulfuric acid to make a 0.005 N solu- 
tion. The flask is shaken and placed in a boiling water bath for 
20 minutes. It is then removed from the water bath, cooled, 
made up to volume with distilled water, and the contents are 
filtered through a dry filter paper. 75 ce. of this filtrate are trans- 
ferred to a 100 ce. volumetric flask and treated with 1 ee. of 30 
per cent formaldehyde and 20 ec. of a 10 per cetit suspension of 
ealcium oxide, and after standing at room temperature for 30 min- 
utes the solution is made up to volume and filtered through a dry 
filter paper. The prescribed time given for the precipitation 
should not be curtailed, as, if this is done, complete precipitation 
of lactose will not be secured. If, on the other hand, the time of 
standing is unduly prolonged to an hour or more, decomposition 
of the formaldehyde begins with slow evolution of gas and con- 
sequent foaming and loss of material. 

The filtrate should be clear and colorless, free from lactose, 
and practically free from all but minute traces of copper. This 
filtrate is then treated with O.SO gm. of a mixture consisting of 
five parts of powdered oxalie acid and two parts of powdered 
potassium oxalate and centrifuged to remove the precipitated 
ealeium oxalate. 

While the amount of precipitant recommended removes in the 
great majority of cases all the calcium, it is well, after the tubes 
are removed from the centrifuge, to add a small crystal of oxalate 
to make sure that the precipitation is complete. 20 ee. of this 
filtrate (which is equivalent to 1.5 ec. of milk) are pipetted into a 


’ Wober, A., and Sugiura, K., ./. Am. Chem. Soc., 1913, xxxv, 1546. 


> 


9 
j 


> 
9 
3 
of 
¥ 
& 
4 
4, 
4 
ig q 
if 
5 
4 
4 
% 
4 
oh, q 
4 
4 
4 
: 
a be 
2 
2 
af 
: 
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20 by 200 mm. pyrex glass test-tube; a glass bead or fragment of 
quartz, and 1 ce. of a digestion mixture prepared by mixing 100 ce. 
of SS per cent phosphoric acid, 3800 ce. of concentrated sulfuric 
acid, and 15 ce. of 10 per cent copper sulfate solution are added, 
and the mixture is evaporated almost to dryness either with a 
direct flame or in a bath of saturated calcium chloride solution. 
When practically all the water has been driven off, the tube ts 
heated by means of a microburner for | minute after the contents 
heeome colorless. During the final period of heating the mouth 
of the tube should be kept covered by means of a watch-glass or 
an inverted 25 ce. Erlenmeyer flask. The total time of heating 
after the evaporation has been completed should not consume 
more than 8 minutes. As soon as the tube and its contents have 
eooled, water is added and the ammonia determined either colori- 
metrically by direct Nesslerization according to the method for 
the determination of non-protein nitrogen in blood described by 
Folin and Denis,* or by titration with 0.02 N sodium hydroxide 
and methyl red after aeration according to the method of Folin 
and Farmer,’ or distillation according to the procedure of Bock 
and Benedict.'!’ In practically all of our work we have used the 
colorimetric method, but we have had sufficient experience with 
the other procedures to know that good results are obtainable. 

While the procedure outlined above gives excellent results 
with cow’s milk, it requires considerable modification as regards 
the first precipitation before it can be used satisfactorily with 
human milk. When human milk is to be used, the precipitation 
of protein and fat is conducted as follows: 

To 10 ec. of milk contained in a 100 ce. volumetric flask are 
added 20 ec. of 10 per cent copper sulfate solution (which should 
not contain added sulfurie acid as called for in the direetions for 
use with cow’s milk), about 380 to 50 ce. of water, and 1.5 ce. of 
10 per cent disodium phosphate solution. The flask is heated for 
20 to 30 minutes ina boiling water bath, then cooled, made up to 
volume with distilled water, and filtered through a dry filter paper. 
The remainder of the process is carried out as deseribed for cow’s 


milk. 


> Folin, O., and Denis, W., J. Biol. Chem., 1916, xxvi, 475. 
"Folin, O., and Farmer, C. J., ./. Biol. Chem., 1912, x3, 493. 
10 Bock, J. C., and Benedict, S. R., J. Biol. Chem., 1915, xx, 47. 
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In Table I are given a few of the results obtained when known 
amounts of pure solutions of some of the constituents of the non- 
protein fraction of milk were carried through the process outlined 


nbove. 
TABLE I. 


(Juantity 


recovered, 
mg. | mi. 


Urea. 


Urea may be determined by Marshall’s urease! method which 
is wellsuited for use with milk. We have foundit more convenient 
for our purpose to determine the ammonia produced from the ure: 
colorimetrically instead of by titration as recommended by 
Marshall. The procedure as used by us contains no new features 
and the deseription given below is inserted here merely for com- 
pleteness. 

3 cc. of human, or 5 ce. of cow’s milk, are allowed to stand for 
50 minutes in contact with 2 ce. of an extract of Jack bean. 1 gm. 
of solid potassium carbonate and one to two drops of kerosine are 
then added, and the mixture is aerated for 15 minutes. The am- 
montia is collected ina 100 ce. volumetric flask containing 2 ce. of 
0.1 N hydrochloric acid and 25 ec. of water. At the expiration 


Marshall, Jr.. J. Biol. Chem., 1913, xiv, 283. 
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of the period of aeration the contents of the flask are made up 
with distilled water to a volume of 60 to 70 ec. and there are 
added 15 ee. of Nessler’s solution; distilled water is then added 
to the mark and the solution read in a colorimeter against a suit- 
able standard. For normal milk, the most convenient standard is 


one containing 0.5 mg. of ammonia nitrogen in a volume of 
100 ce. 


(Creatinine and Creatine. 


The only quantitative method for the determination of creati- 
nine and creatine in milk is that of Folin. This method (as re- 
gards its application to blood) has recently received severe criti- 
cism from several sources. When an attempt was made to use 
this procedure it was found that the strictures attached to the 
method for blood analysis also apply in the case of milk examina- 
tion; in fact, the rapid increase in color noted when blood filtrates 
are used, an increase which, as has been pointed out, is not in 
proportion to changes taking place in the creatinine standard, is 
even more pronounced in milk than in blood. 

Recourse was therefore had to a procedure which has in our 
hands given good results with blood. This modification consists 
in the use of m-phosphoric acid as a protein precipitant instead of 
pieric acid as reeommended in the original Folin method. While 
this m-phosphorie acid filtrate gave good results with blood, it 
was found that in the case of milk the results were no better than 
those obtained by the picric acid precipitation. It was possible to 
prove experimentally that the rapid inerease in color, obtained 
when alkali and pierie acid are added to deproteinized milk 
filtrates (whether the protein precipitant consisted of m-phos- 
phoric, trichloroacetic, or picric acid) is largely if not entirely 
due to the relatively high lactose content of these filtrates; the 
problem of securing a method for the relatively accurate deter- 
mination of creatinine and creatine in milk may therefore be 
solved in one of two ways. In the first we have added to the 


2 Folin, O., J. Biol. Chem., 1914, xvii, 475. 

13 Wilson, D. W., and Plass. E. D., J. Biol. Chem., 1917, xxix, 413. 
Ilunter, A., and Campbell, W. R., ¢hid., 1917, xxxii, 195. Greenwald, 
and MeGuire, G., cbid., 1918, xxxiv, 103. 

144 Denis, W., J. Biol. Chem., 1918, xxxv, 513. 
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standard creatinine solution an amount of lactose equivalent to 
that contained in the filtrate, as a result of which unknown snd 
standard darken at the same rate of speed. Phe procedure is as 
follows: 

10 ee. of milk contained in a 50 ee. volwneiric flask are treated 
with an equal volume of water and 3 ce. of a freshly prepared 20 
per cent solution of m-phosphoric acid, and after standing for an 
hour the flask is filled to the mark with distilled water and the 
contents are mixed and poured on a dry filter. For the deter- 
mination of preformed creatinine, 10 ce. of this filtrate are trans- 
ferred to a 25 ce. volumetric flask containing 10 ce. of pierie acid 
solution (1.2 per cent) and 1.5 ee. of LO per cent sodium hyv- 
droxide. After standing at room temperature for LO minutes the 
solution is diluted to volume, placed in the cup of a colorimeter, 
and read against a standard which has been standing for the 
same length of time. For normal cow's milk this standard con- 
sists of LO ce. of a 0.9 per cent solution of lactose, 0.025 meg. of 
creatinine, 10 ee. of prerie acid solution, and 1.0 ce. of 10> per 
eent sodium hydroxide made up to a final volume of 25 ce. For 
determinations on human milk a let per cent solution of lactose 
is substituted for the 0.9 per cent solution used in the ease of 
cow's milk. 

For the determination of total creatinine (creatine + creati- 
nine) LO ce. of the m-phosphorie acid filtrate are autoclaved at 
120°C’. for 30 minutes. After cooling, the solution is treated 
with pierte acid and sodium hydroxide as described above, and 
after standing for LO minutes is diluted to a volume of 50 ce. 
The standard for this determination contains 0.05 me. of creatinine 
in: final volume of 50 ce. Lactose solution, ete., is added as cde- 
scribed above. By the use of this method on a considerable 
number of samples of milk, both cow’s and human, we obtained 
values for preformed creatinine of 1.1 to 1.4 mg. of creatinine 
per 100 ce. of milk, and of total creatinine, 3.1 to 4.0 mg. per 
100 ce. of milk, values approximately half as great as those ob- 
tained by the Folin method. We have therefore attempted to 
check our results obtained by the above procedure by resorting 
to an entirely different method for getting rid of the inter- 
fering substanees. To this end we have sought to obtain a 
method whereby the lactose and other active substances might be 
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removed from the reaction without at the same time destroying 
any creatine or creatinine. We have found such a precipitant in 
Salkowski’s alkaline cupric hydroxide which precipitates lactose, 
fat, and protein without carrying down any creatine or creatinine. 

The precipitation is best accomplished by the use of copper sul- 

fate and calcium hydroxide as recently suggested by Van Slyke. 
The procedure is as follows: To 10 ee. of milk contained in a 50 
ec. volumetric flask add 5 ce. of a 20 per cent solution of copper 
sulfate and 15 ee. of a 10 per cent suspension of calcium oxide. 
Add water to the mark, mix, and allow to stand for 30 minutes; 
centrifuge, and filter the supernatant liquid through a small dry 
filter paper. The filtrate should be absolutely clear and color- 
Jess and free from lactose and all but minute traces of protein. 

To determine preformed creatinine transfer 10 ec. to a 25 ce. 
volumetric flask, add two drops of normal hydrochloric acid, 10 
cc. of saturated picric acid, and 1 ec. of 10 per cent sodium hy- 
droxide solution; let stand 10 minutes, then make up to the mark 
and read against a suitable standard. For normal milk a standard 
containing 0.025 mg. of creatinine in 10 ee. of distilled water, 10 
ec. of pieric acid, and 1 ec. of 10 per cent sodium hydroxide made 
up to 25 ec. volume is most convenient. For pathological material 
more concentrated standards are sometimes necessary. For the 
determination of total creatinine 10 ec. of filtrate are placed in a 
50 ce. volumetric flask, treated with two drops of normal hydro- 
ehloric acid and 10 ce. of pieric acid, and autoclaved for 30 min- 
utes at 120°C. When cool, the mixture is treated with 1 ec. of 
10 per cent sodium hydroxide and after standing for 30 minutes 
is made up to volume and read in a colorimeter against a sult- 
able standard. For normal milk, the most convenient standard 
is one made to contain 0.05 mg. of creatinine, 10 ec. of picric 
acid, and 1 ec. of 10 per cent sodium hydroxide in 50 ce. 

In the above determinations the addition of sodium hydroxide 
causes a precipitation of caleium hydroxide which must be cen- 
trifuged off before an attempt is made to use the solution in the 
colorimeter. 

The values obtained on normal milk by this method are essen- 
tially the same as those obtained when the lactose standard is 
used and, as we believe it to be theoretically more sound in 
principle than the former procedure, we have in the latter part 
of this work adopted it exclusively. 
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Amino Nitrogen. 


The amino nitrogen may bedetermined by meansof Van Slyke’s” 
nitrous acid method. For work with milk the micro-apparatus 
should be used. At first an attempt was made to use 95 per 
cent ethyl alcohol as a protein precipitant as recommended by 
Van Slvke and Meyer!’ in their work on blood. While with 
sufficient care the Van Slyke-Mever technique was found to give 
quantitative results in recovering amino-acids added to milk, : 
short trial convinced us that it was not a practical method for use 
with this fluid, as so much of the fat present in milk Is extracted 
by the alcohol and later deposited in the deaminizing bulb, and 
to some extent in the burette, that it was found difficult, if not 
impossible, to make accurate readings of the latter; an added 
disadvantage is the fact that the presence of such large quanti- 
ties of fat makes it necessary to clean the instrument thoroughly 
after each determination. 

Precipitation of the protein by acetic acid followed by trichloro- 
acetic acid as recommended for blood by Bock" was also at- 
tempted, but was found to be so time-consuming on account of 
slow filtration that it was abandoned. 

After a trial of various protein precipitants we have decided 
on the use of copper acetate and acetic acid as being most satis- 
fuctory for this determination, since by this means it is possible 
to obtain clear, rapidly filtering filtrates without loss of amino 
nitrogen. The method as finally worked out for cow’s milk Is as 
follows: 

20 ce. of milk are pipetted into a 200 ec. volumetric flask, and 
there are then added 40 ce. of O.O1 N acetic acid, 10 ce. of 5 per 
cent copper acetate, and 50 to 60 ce. of distilled water. The 
flask is placed in a boillng water bath for 20 to 30 minutes and at 
the end of this period of heating, 1 ec. of 15 per cent potassium 
oxalate solution is added and the mixture cooled, made to volume, 
and filtered through a dry filter paper. To the filtrate there 
are now added 0.5 gm. of powdered potassium oxalate, and after 
shaking the flask for 1 or 2 minutes the precipitate may be re- 


‘Van Slyke, D. D., J. Biol. Chem., 1912, xii, 275. 
' Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1912, xii, 399. 
(7 Boek, J. C., J. Biol. Chem., 1916-17, xxviii, 357. 
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moved by centrifuging, leaving a perfectly clear supernatant 
liquid 

The precipitate may, if desired, be removed by filtration in- 
stead of by centrifugation, but in this case the liquid must be 
allowed to stand for 1 hour as otherwise it is difficult, if not 
impossible to obtain a clear filtrate. 

The addition of potassium oxalate is made in order to remove 
ealerum salts, and while the two filtrations as outlined above 
may seem unnecessary and cumbersome, it has been found im- 
possible to obtain a filtrate which would remain clear on boiling 
when all the oxalate was added in the first preeipitation: while 
if the seeond addition of oxalate is omitted so much solid material 
precipitates out when the filtrate is evaporated to small volume 
in preparation for the amino nitrogen determination that it is 
practically impossible to effeet a quantitative transfer to the 
deaminizing bulb. 

For the amino nitrogen determination 50 ec. of the final filtrate 
are evaporated to a volume of 1 to 2 ce. and the determinations 
are carried out by means of Van Slvke’s micro-apparatus. 

For human milk the method of precipitation deseribed above 
gives poor results, so that with this fluid the following method 
should be used. 

20 ce. of breast milk contained in a 200 ec. volumetric flask 
are treated with 10 ec. of 5 per cent copper acetate solution, 1 ce. 
of a LO per cent solution of disodium phosphate, and 60 to SO ce. 
of distilled water. The mixture is heated in a boiling water bath 
for 20 to 30 minutes, then cooled, made up to volume with distilled 
water, and the contents are mixed and poured on a dry filter. 
50 ce. of the filtrate are evaporated to a volume of about 2 ce. 
and used for the determination of amino nitrogen. The addi- 
tion of two to three drops of glacial acetic acid facilitates transfer 
to the deaminizing bulb. 

The advisability of evaporating solutions of amino-acids in 
open vessels in the presence of relatively large quantities of cop- 
per and lactose may well be questioned. The following results 
indicate, however, that under the experimental conditions described 
above no destruction of amino nitrogen can be demonstrated dur- 
ing this procedure. These results were obtained on an amino-acid 
mixture prepared by hydrolyzing Kahlbaum’s pure casein with 
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20 per cent sulfuric acid for 40 hours. The greater part of the 
sulfuric acid was then precipitated by means of barium hydroxide 
and the solution finally brought to a faintly acid reaction by 
menns of sodium hydroxide. Amino nitrogen determinations were 
then made on Lec. of the solution (a) without the addition of any 
other substance, (6) with the addition of 0.2 gm. of copper sul- 
fate to 1 ee. of the solution, (¢) with the addition of 0.2 em. of 
copper sulfate and O.1 gm. of Inetose to 1 ce. of the solution. 
In (6) and (¢) the mixture was made up to a volume of appronxi- 
mately 50 ce. and evaporated on the sand bath to a volume of 
| to 3 ce. under exactly the same experimental conditions as 
were used for the determination of amino nitrogen im milk. 


The results are given in Table ITI. 


TABLE If. 


Amino N per l0Qee. of | Amino N per 100 ec. of 


Amino N per 100 ce - 
m cng of solution after heating with solution after heating with 


solution before treatment. CusO; Mentone 
34 | 31 48 | 32 00 
| | $2.00 
| 32.00 
00 


TABLE IIL. 
of Results Obtained on Cow's Milk hy Aleohol and hy (Copp 


Pre ci prlations. 


Dar Sans 


Amino N per 100 ce. milk. 
No. of milk. 


Aleoho! precipitation. Copper precipitation. 
mig. mid. 
4.62 
10 5.78 


In Table III are presented & few results in which amino nitrogen 
was determined in cow’s milk after alcohol precipitation by the 
technique of Van Slyke and Mever and by the copper precipita- 
tion described above. The results obtained by the two methods 
are almost identical. 


a 
by 
3 
4 
bez 
a 
3 
3 
+2 
< 
> 
‘ 
% 
2 
x 
* 
4 


364 Nitrogenous Constituents of Milk 


Uric Acid. 


Urie acid determinations in blood have almost invariably been 


made with Salkowski’s ammoniacal silver-magnesium reagent, 
i preceded by precipitation with acetie acid and evaporation to 
; small volume. Such a procedure is absolutely unsuited for use 
7 with milk on account of the large quantities of lactose present, 
| which, when the milk filtrates are evaporated to small volume, 
} leaves a sticky mass producing strong reduction of the ammoniacal 
; silver reagent. 

; For our purpose the method of precipitation of urie acid with 


alkaline zine acetate solution recommended by Morris!> has 
proved excellent, as by this method it is possible to remove quan- 
titatively small amounts of uric acid from relatively large vol- 
umes of lactose solution. Recently Curtman and Lehrman!’ 
; have suggested the use of nickel acetate in place of zine acetate 
as recommended by Morris. In a trial of nickel as a uric aeid 


Bf precipitant we have obtaimed excellent results, but as we have 
Bi been unable to find that for our purpose this reagent possesses 
mt any advantage over zine acetate we have continued our use of the 


latter. 

The method as finally worked out is as follows: 20 cc. of milk 
contamed in a 100 ce. volumetric flask are treated with 40 cc. of 
0.01 N acetic acid and 1 ce. of 10 per cent zine acetate solution; 
the mixture is heated in a boiling water bath for 15 to 20 minutes 
andis then cooled, made up to volume, and filtered through a dry 
7 filter‘paper. The filtration should be rapid and the filtrate abso- 
lutely clear. 75 ce. of filtrate are treated with 3 ec. of a LO per 
cent solution of zine acetate and 4 ec. of 20 per cent sodium car- 
bonate solution, allowed to stand at room temperature for LO 
minutes, and then centrifuged. The gelatinous precipitate ot 
zine carbonate settles rapidly and completely, is washed once with 


a cold water, and the tubes are then centrifuged a second time. 
a ‘ After pouring off the wash water as completely as possible the 
4 ; residue is treated with 2 ec. of 50 per cent acetic acid, then trans- 
_ ferred by means of about 25 to 35 ec. of water to an Erlenmeyer 
4 ask: the contents of the flask are heated to boiling, and the 

i ‘S Morris, J. L.. J. Biol. Chem., 1916, xxv, 205. 

Curtman, L. J., and Lehrman, A., J. Brol. Chem., xxxvi, 157. 
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zine is precipitated with hydrogen sulfide. When precipitation is 
complete, the liquid is filtered, the zine sulfide precipitate washed 
twice with hot water, the filtrate and washings are boiled rapidly 
until entirely free from hydrogen sulfide, and the volume ts re- 


TABLE IV. 
sults on Recovery of Von-Protein Bodies Adde d to Cow's Will: 


Mg. per 100 ce. milk. 


Substance added. 


| nt. | added. | recovered 
— — 33 ——-- - 

Urea N.. 10.0 5 14.S 15.0 
10 20.2 20.0 
« | 10.0 10 200 

Amino N 7.02 2 SOUS 9 02 

Creatine.... y l 3.2 
- 2 4.1 3.9 
1.5 3 4.3 4.5 

TABLE V. 
Non-Protein Nitroge nous Constituents of Milk. 
Meg. per 100 ce. milk. 
Total 
- Preformed 
Urea N. Amino N. Creatine  Urie seid. 

(low, Dairy 21.9 | 10.0 £03 1.35 1.4 

21.0 0 4.19 1.40 2.40 1.6 

37.0 S 46 1.6 3.2 

36.0 13.8 3.4 2.7 


duced to approximately 15 ec. After cooling, 1 ce. of phospho- 


tungstic acid reagent?’ and 10 ec. of 20 per cent sodium carbonate 


solution are added and the volume is made up to 25 or 50 ec. ac- 


2° Folin, O., and Denis, W., J. Biol. Chem., 1912, xii, 250. 
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cording to the degree of color. Readings are then made in a 
colorimeter against a suitable standard une aeid solution. The 
standard which is most generally useful is one containing 0.5 
ing. of urie acid volume ot 100 ce. 

The following results indicate the completeness with which 
uric acid can be recovered by the above procedure from relatively 


large quantities of lactose solution: 


10 10 
10 


ln Table IV are presented the results obtained by adding 
known quantities of uren, amino-acids, creatine, creatinine, and 
uric acid to cow's milk. 

Table Vo contains the results obtained on a few samples of 
cow's and human milk. “These results are introduced to give an 
idea of the general level at which the non-protein nitrogenous 
bodies occur in these fluids. 

The cow’s nuilk was purchased in the open market and repre- 
sents the product sold by three large milk distributers in Boston. 
The samples of human milk were from three normal women. — For 
the latter specimens we are indebted to Dr. Fritz Talbot. 

lor some time we have been engaged by the help of the methods 
described above in the accumulation of data concerning the non- 
protein constituents of milk. The results of this work will be 
published shortly. 
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DETERMINATION OF THE DISTRIBUTION OF NITROGEN 
IN CERTAIN SEEDS.* 


by J. BREWSTER ann C. L. ALSBERG. 


of ¢ hie miisti /. nite | Nteate Ss nl of ly hy 
ash ington, 


Reeeived for publication, January 9, TOTO.) 


Recent) progress ino the chemistry of protein nutrition has 
demonstrated the importance of the role plaved by the samino- 
acids and sufficient evidence is at hand to show that protein 
nutrition is im reality. amino-acid nutrition. Therefore for the 
purposes of human nutrition and of animal husbandry an exact 
knowledge of the amino-acid content of foodstuffs is essential. 
Methods of protein analysis which furnish accurate results ex- 
peditiously are therefore of the utmost Importance. The Van 
SIlvke method when applied to isolated and purified proteins 
partially meets this need but, obviously, the method would be of 
still greater value if it could be applied to the direct analysis of 
seeds without previous isolation of the proteins. In the investi- 
gation herein presented this was attempted with the hope of ob- 
taining at least approximate results. 

It is evident, however, that the possible sources of error in such 
an application of the Van Slyke method are many. Gortner and 
Blish' have shown that when tryptophane or a protein contain- 
ing this amino-acid is hydrolyzed with hydrochloric acid in the 
presence of dextrose, the humin nitrogen is greatly increased. 
Grindley and Slater? regard the presence of carbohydrates to be a 
source of error in the hydrolysis of seed material for the purpose 
of determining its amino-acid content. They intimate, moreover, 


* A brief notice of this work was published in Proc. Soc. Exp. Biol. and 
Med., 1914-15, xii, 192. 

'CGortner, R. A.. and Blish, M. J., J. Am. Chem. Soc., 1915, xxxvii, 1630. 

* Grindley, Hl. S., and Slater, M. E., J. Am. Chem. Soc., xxxvu, 
2762. 
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that possibly the presence of glycerol or of glycerides may increase 
the humin nitrogen. 

In the consideration of sources of error in the determination of 
the amino-acid content of seeds, it seems worth while to take into 
account the presence in the seeds of forms of nitrogen other than 
protein, such as amines and free amino-acids, and, important in 
this sort of analysis, the nucleic acid which is a part of the seed 
embryo. Information concerning the plant nucleic acids is lim- 
ited. That of veast and that of the wheat embryo have been 
thoroughly investigated by Osborne* and by Levene,* who be- 
lieve that the two are practically identical, and it is probable 
that all the plant nucleic acids are closely related or have a very 
similar structure. 

TABLE I. 


Nitrogen Distribution in Nuclete Acid of Yeast as Determined by the Van 
Slyke Method. 


Sample, | Total Amide Humin N; Humin Total Arginine’ Total Nn, Amino 

3 gm. Be with lime. N, bases. | N. filtrate. | 
0.4752 0.1140 0.05168 1074.0. 13240 024 0.0714 0.06020 017 
Per cent | | 

of total 


For the purpose of determining the behavior of plant nucleic 
acid in the Van Slyke analysis, veast nucleic acid, which was free 
from material giving the biuret reaction and did not respond to 
qualitative tests for ammonium acetate, was hydrolyzed 25 
hours with 20 per cent hydrochloric acid and subjected to the 
usual procedure. 

Examination of the results given in Table I shows that a high 
percentage of humin nitrogen was precipitated with the bases, 
which may be explained by the fact that it is impossible to de- 
compose completely the phosphotungstate precipitate of the bases 
with ether-amvl-alecohol mixture and dilute hydrochloric acid as 
recommended by Van Slyke Although veast nucleic acid does 


$ Osborne, T. B., and Harris, 1. F., Z. physiol. Chem., 1902, xxxvi, 85. 
* Levene, P. A., and La Forge, F. B., Ber. chem. Ges., 1910, xliii, 3164. 
>Van Slyke, D. D., J. Biol. Chem., 1915, xxii, 281. 
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not contain arginine, the analysis indicates the presence of 15 
per cent of arginine nitrogen. This is probably derived from the 
guanine, adenine, and evtosine of the nucleic acid, since these com- 
pounds are decomposed by boiling with concentrated caustic alkali 
as in the procedure used for the determination of arginine. 

Table II gives the results of analyses of cottonseed flour, 
tomato seed flour, cow peas, jack beans, corn, corn germ, wheat, 
kafir, and kafirin, the aleohol-soluble protein of kafir.° With 
the exception of cottonseed flour and tomato seed flour, the seeds 
and grains were prepared for analysis by fine grinding in a suit- 
able mill. They were used without further drying and without 
extracting the fats. The cottonseed flour was the well known 
commercial article. Tomato seed flour is the ground press cake 
of tomato seeds obtained as a by-product in the manufacture 
of tomato pulp. The seeds vield, on pressing, from 15 to 20 
per cent of oil. Portions of the ground material were weighed, 
hydrolyzed with 20 per cent hydrochloric acid, and then treated 
exactly as recommended by Van Slyke. : 

By comparing the results given in Table II with those of others 
who have analyzed the same sort of material (Grindley and 
Slater,? Nollau,? and others), it will be noted that there is a 
widely varying agreement. The results of Nollau have been eriti- 
eized by Grindley and Slater, who pointed out that Nollau’s 
procedure was not comparable with theirs. Grindley and Slater 
followed the same procedure that was used in obtaining the re- 
sults recorded in Table II, and these results agree fairly well with 
theirs. Differences noted may be due to the fact that different 
samples of seeds may vary In composition. 

In the analysis of kafir corn and of tomato seed a deficieney in 
histidine nitrogen was found, calculations yielding minus quanti- 
ties. The presence of hisitidine in tomato seed is vet in doubt. 
The solution of the hexone bases of kafir gives a positive reaction 
with bromine for this amino-acid, and histidine nitrogen, 1.64 
per cent corrected, was found in the kafir prolamine. It seems 
justifiable then in the case of the whole kafir to assume that most 
of the small amount of histidine present remained in solution and, 


* Johns, C. O., and Brewster, J. F., J. Biol. Chem., 1916-17, xxviul, 59. 
7 Nollau, E. H., J. Brol. Chem., 1915, xxi, 611. 
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applving the correction for solubility of histidine, 1.32 per cent is 
recorded. 

The figure for evstine nitrogen in kafirin reeorded was also ob- 
tained by adopting the factor for solubility of the phosphotung- 
state. The barium sulfate precipitate, though unweighable, was 
present, and as the reagents used give no precipitate of barium 
sulfate in blank, it appears safe to adopt Van Sly ke’s correction 
of 0.0026 gm. as representing all the evstine nitrogen in solution. 


CONCLUSIONS. 


It is shown that when yeast nucleie acid is subjected to the 
Van Slyke procedure, 15 per cent of the total nitrogen of the acid 
appears in the arginine fraction, although the nucleic acid con- 
tains no arginine. This indicates that in the determination of 
the distribution of the nitrogen in materials containing nuclete 
acid by the method of Van Slyke, erroneous results may be 
obtained because some of the purine and pyrimidine nitrogen 
appears in the arginine fraction. 

The nitrogen distribution in certain seeds and seed products 
was determined by the method of Van Slyke and the results agree 
in general with those obtained by others who have used the same 
method. Where there is lack of agreement this might be due to 
the fact that different samples of seed of the same species may vary 
In composition, 
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REDUCTION OF THE QUANTITY OF HUMIN NITROGEN 
FORMED IN THE HYDROLYSIS OF THE NITROGENOUS 
CONSTITUENTS OF FEEDINGSTUFFS. 


By H. C. ECNSTEIN ann H. 8. GRINDLEY. 


(From the Department of Animal Husbandry, University of Illinois, Urbana.) 


(Received for publication, January 28, 1919.) 


In view of the importance which individual amino-acids had 
assumed in the biological evaluation of feedingstuffs, the Junior 
author of this paper, with the assistance of Joseph, Slater, and 
Kckstein, attempted quantitatively to determine directly the 
combined amino-acids of feedingstuffs by the application of the 
Van Slyke method for the determination of the characteristic 
groups of amino-acids of proteins. In the publications! of the 
results of this work, the following faets have been clearly 
emphasized: 


First, ‘that the Van Slyke method for the determination of the chemical 
groups characteristic of the amino acids [of proteins] can be applied directly 
to the quantitative determination of amino acids of feedingstuffs with at 
least a fair degree of accuracy.”’ 

Second, ‘‘that the object of the work . . . . is to determine the 
free and the combined amino acids . . . . of feedingstuffs, and not 
merely the amino acids and the amides resulting from the hydrolysis of the 
proteins of the feedingstuffs.”’ 

Third, ‘‘that the high results for humin nitrogen [due to the presence of 
the carbohydrates in feedingstuffs] constitute a source of error in the 
direct application of the Van Slyke method to the determination of the 
free and combined amino acids and amides of feedingstuffs.”’ 

Fourth, “‘that further study was being made to determine to what ex- 
tent, if any, the so-called non-protein nitrogenous substances affect the 
quantitative determination of the amino acids of feedingstuffs.’’ 


' Grindley, H.S., Joseph, W. E., and Slater, M. E., J. Am. Chem. Soc.. 
1915, xxxvii, 1778. Grindley, H.S., and Slater, M. E., ‘hid., 2762. Grind- 
lev, H.S., and Eckstein, H. C., 1916, xxxvili, 1425. Grindley. H. 
S.. Proc. Am. Soe. Animal Production, 1916, 133. 
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bhifth, ‘that the Van Slvke method for the determination of the chemical 
vroups charaeferistre of the amino acids of proteins will prove of much value 
aus apphed to the quantitative determination of the free and eombined 
arming acids of feedingstuffs when we become better ae- 
quainted with the details of the method, and sueceed in adapting it to the 
specific conditions involved. At any rate, as yet, it is the only method 
that has been used for the determination of the amino aeid content of 
feedingstutfs, and, since it undoubtedly gives approximately quantitative 
results, it should, until some better method is developed, be used in gain- 
ing knowledge, that will aid us in applying to the economic and nutritive 
valuation of the common feedingstuffs, the fast accumulating results as to 
the nutritive value of the amino acids.”’ 


Since our last publication the methods for this work have been 
decidedly umproved. In the first place, the interference of some 
of the non-protein nitrogenous constituents such as the nitrog- 
enous lipoids, the nitrogenous coloring matters, betsune, stachy- 
drin, amvedalin, most of the alkaloids, and some of the amides has 
been obviated by completely extracting first with ether and then 
with cold absolute aleohol. 

In the second place, a method has been perfected by which the 
percentages of the humin nitrogen formed in the hydrolysis of the 
nitrogenous constituents of feedingstuffs are reduced so that they 
compare favorably with those obtained for pure proteins. The 
essential features of this method are as folle ws: (1) extraction 
of the teedingstuffs with ether and then with cold absolute aleo- 
hol; (2) the conversion, as far as possible, of the insoluble carbo- 
hvdrates into soluble carbohydrates by boiling the feedingstuffs 
with O.1 per cent hydrochloric acid; (3) the separation of the 
greater part of the soluble proteins before nydrolysis from the 
soluble earbohydrates by neutralizing the mineral acid and pre- 
eipitating with alcohol; (4) the hydrolysis of the small portion of 
the proteins remaining in solution with the soluble sugars by 
boiling with 5 per cent instead of 20 per cent hydrochlorie acid for 
only a short time. 

By these proceedings it is possible to separate the greater part 
of the carbohydrates from the main portion of the proteins before 
the latter are hydrolyzed and thus decidedly reduce the quantity 
of humin formed. Likewise sinee it is possible to hydrolyze the 
small amount of soluble proteins remaining in solution with the 
earbohydrates with dilute hydrochloric acid in a short time, a 
further reduction of the quantity of humin is obtained. 
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This method gives the following results for humin nitrogen ex- 
pressed in per cent of the total nitrogen in the feedingstuff: corn 
3.2, wheat 3.4, oats 4.5, and barley 3.9 per cent. The results 
for the humin nitrogen which were obtained in our earlier analysis 
of these feeds were as follows: corn 9.8, wheat 9.2, oats 9.9, and 
barley 8.8. The humin nitrogen content of some of the pure pro- 
teins as analyzed by Van Slyke is as follows: hemoglobin 3.6, 
fibrin 3.2, and lactalbumin 2.3. It is thus clearly evident that the 
error duc to humin nitrogen in the analysis of these feedingstuffs 
is no greater than it is in the analysis of some of the pure pro- 
teins. From results recently obtained, we feel certain that the 
quantity of humin nitrogen formed in the hydrolysis of the 
nitrogenous constituents of feedingstuffs ean be still further 

Briefly stated the details of the method used in this work are 
as follows: Weighed quantities of the feedingstuff are extracted 
with ether in Soxhlet extractors and then with cold absolute aleo- 
hol on Buchner funnels. The residues thus extracted are digested 
for 15 hours three or four times with 0.1 per cent solution of hydro- 
chioric acid until all the starch has been converted into sugars. 
The residues insoluble in 0.1 per cent hydrochloric acid are boiled 
with 20 per cent hydrochloric acid until the proteins which they 
contain are completely hydrolyzed. 

The filtrates from the residues insoluble in 0.1 per cent hydro- 
ehloric acid are neutralized with sodium hydroxide, then faintly 
acidified with acetic acid, allowed to stand over night, and then 
filtered. The filtrates from the precipitated proteins are concen- 
trated 7m vacuo to small volumes and precipitated by the addition of 
five volumes of absolute aleohol. After standing over night, the 
precipitated proteins are removed by filtration and washed with 
83 per cent alcohol. 

The filtrates from the proteins preeipitated by alcohol are con- 
centrated to small volume and enough concentrated hydrochloric 
acid is added to make a 5 per cent solution. The solutions are then 


2 By improvement of the method reported here the humin content of corn 
has been still further reduced to 2.53 per cent since the manuscript for this 
paper was prepared. 
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boiled until hydrolysis is complete.’ The proteins separated above 
by neutralization and by the addition of alcohol are boiled with 
20 per cent hydrochloric acid until hydrolysis is complete. 

As a result of the above procedure, there are obtained three 
different fractions of the proteins of feedingstuffs which are com- 
pletely hydrolyzed; namely, (1) the proteins insoluble in 0.1 
per cent hydrochloric acid; (2) the proteins separated by neutral- 
izing the mineral acid and precipitating with aleohol; (3) the sol- 
uble proteins not separated by neutralizing the mineral acid or 
precipitating with alcohol. Each of the three hydrolyzed solu- 
tions is filtered and the insoluble humin substances are repeat- 
edly digested with 0.1 per cent hydrochloric acid and then thor- 
oughly washed with hot water. The nitrogen in these residues 
is considered to represent the insoluble humin substances. 

The filtrates from the insoluble humin were concentrated (1 
vacuo to small volume and the amide and soluble melanine nitro- 
gen determined as usual. The remaining parts of the analysis 
are continued as usual. Only the results for the humin nitrogen 
are reported here; the complete analysis will be given in a later 
paper. 


* Tn all cases it was found that a5 per cent solution of hydrochloric acid 
would bring about the complete hydrolysis of the small amount of soluble 
proteins remaining In these solutions. 
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EXPERIMENTAL STUDIES ON GROWTH. 


X. THE LATE GROWTH AND SENESCENCE OF THE NORMAL 
WHITE MOUSE, AND THE PROGRESSIVE ALTERATION OF 
THE NORMAL GROWTH CURVE DUE TO INBREEDING. 


By T. BRATLSFORD ROBERTSON Lo AW RAY, 


(From the Department of Biochemistry, University of Toronto 


(Received for publication, January 3, 1919. 


Growth and Senescence of Normal White Mice. 


In previous articles of this seriest we have furnished data con- 
cerning the normal growth of the white mouse for the first 60 
weeks of life, employing for the collection of these data a special 
technique designed to exclude accidental causes of fluctuation, 
such as epidemic infections, ete., and, as material for measure- 
ment, a large number of animals born in July, 1914, from a stock 
of animals purchased a few months previously from dealers. 

Our observations upon these animals were continued until their 
death from natural causes, and weighings of every animal in the 
series were made fortnightly during the whole period of their 
existence (weekly during the first 30 weeks). We have now to 
report the complete series of measurements from the 4th week 
after birth until the termination of the observations by the death 
of the last surviving animal.? The results of these measurements 
are enumerated in Tables I and If and illustrated graphically in 
Figs. 1 and 2, displaving the progressive alterations of the average 
weight of the animals with increasing age. 


! Robertson, T. B., and Ray, L. A., J. Biol. Chem., 1916, xxiv, 347. Rob- 
ertson, T. B., thid., 365. 

2? Data concerning growth from birth until the 4th week may be found 
in the articles cited above, also in Paper IX of this series (Robertson, T. 
B., and Delprat, M., J. Biol. Chem., 1917, xxxi, 567). 
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An examination of these curves shows that the average weight 
of animals of both sexes increases, with a continuously decreasing 
velocity, to a definite maximum, attained at about 91 weeks of age 
in the male and at about 94 weeks of age in the female. After 
attaining this maximum the curve descends rather steeply, the loss 
of weight being much more rapid than the immediately preceding 
gun. 

This loss of weight is the expression of senescence, and con- 
tinues without interruption until the decease of the last surviving 
animal. It will be observed, however, that the curve of growth in 
both sexes displays marked oscillations towards the end, which are 
due to the irregularly occurring deaths of animals in which the 
process of senescence has been most rapid, and which have lost 
most weight. The survivors therefore represent an earlier or less 
complete stage of senescence than those which have died, and 
each group of late deaths is consequently accompanied by a rise 
in the weight curve of the survivors. Each rise, however, is sue- 
ceeded by a fall wheh is even more rapid than the preceding one, 
indicating that the process of senescence is in reality continuous, 
and moreover that it proceeds with a regularly increasing velocity 
depending upon the age rather than upon the weight of the ani- 
tials. This general feature of the process of senescence is addi- 
tionally illustrated by the curves accompanying Paper XI of the 
~CTIeS. 

The average duration of life (110 weeks in the male, 103 weeks 
in the female) exceeds by a definite interval the period during 
which the weight of the animals is increasing. The attainment of 
the average duration of life is therefore preceded by a decided 
measure of senescence, which must consequently have affected the 
viability of the majority of the animals and played a leading part 
in determining the mean duration of life. 78 per cent of the males 
and 68 per cent of the females survived the attainment of maxi- 
mum weight, and therefore experienced the senescent loss of 
weight. 
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Progressive Alteration of Normal Growth Curve Due to Inbreeding of 
Mixed Stock. 


Our original stock of animals was obtained from animal dealers, 
and therefore consisted in all probability of a variety of different 
strains. We have consistently adopted a plan of rotation whereby 
it is assured that no female is ever impregnated twice in sue- 
cession by the same male. In this way thorough mixture of the 
strains has no doubt been brought about in the course of time, and 
close inbreeding has been avoided. We have found, however, that 
successive batches of animals thus obtained display definite and 
progressive changes in the.curve of growth. 

Since the changes in question are quantitative, and do not 
exceed the individual differences which may frequently be ob- 
served between the weights of any single pair of animals selected 
at random, the only method of attaining any degree of cer- 
tainty as to the reality of the differences is to determine the 
ratio of the observed average differences between successive 
batches of normals to the probable error of the experimental esti- 
mate of the differences themselves; that is, to VEL + KE.” where 
FE; and #, are the probable errors of the separate estimates of 


average weight.* 

The chance of any given, observed deviation being accidental 
may be estimated from Table III, computed from a table of areas 
of the normal frequency curve.* Thus if the ratio of an observed 
deviation from the standard chosen to the probable error of its 
estimation is 3.0, then there is one chance that it is accidental to 22 
that it isnot accidental but systematic in origin; 7.¢e., that it origi- 
nates in a definite and not fortuitous difference between the 
two groups of animals investigated. 

In Tables IV to VII and Figs. 3 and 4 are given the compara- 
tive growth of three successive batches of normal males, born, 
respectively, in July 1914, November 1914, and July 1916, and of 
three successive batches of normal females born, respectively, in 
July 1914, July 1916, and October 1917. The curves reveal a 


’ Davenport, C. B., Statistical methods with special reference to bio- 
logical variation, New York, 2nd edition, 1904, 15. 
* Davenport, C. B.,? p. 119. 
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regularly diminishing velocity and absolute magnitude of growth 
in each succeeding batch of animals. 

The absolute difference between the average weights of July 
and November 1914 males, averaging from 1.0 to 1.5 gm., is only 
7 slightly less than that between the males of November 1914 and 
. July 1916 (1.5 to 2.0 gm.), although a period of 20 months elapsed 
between the birth of the two latter groups and of less than 5 
months between the birth of the two former groups. Nearly as 
| much change in the stock occurred, therefore, in the first 5 months 
of inbreeding as in the succeeding 20 months. 

Owing to the much smaller variability of the animals compris- 
ing the later batches, however, the observed deviations only aver- 
age from two to three times the experimental error for the 1914 
batches, while they average between four and six times the experi- 
mental error in the case of the November 1914 and July 1916 
, batches of animals. In both sexes diminution of the variability 
| of the animals, as in other instances previously noted,® is associ- 
| ated with diminished rapidity of growth. 

The effects are much smaller in the females, the differences be- 
tween the 1917 and 1916 batches lying almost entirely within the 
experimental error of the estimations. 

It would appear, therefore, that the animals are approaching, 
| if they have not already reached, a stable type, but that this re- 
quires a considerable period of time notwithstanding the deliber- 
ate effort made to secure thorough mixing of the strains. From 
these facts it will be evident that no growth standard, no matter 
upon how many observations it may be established, is applicable 
to animals derived from a different strain or stock. Tach stock 
must provide its own standard norm and this norm must be re- 
established at frequent intervals. 


» Robertson, T. B., J. Biol. Chem., 1916, xxiv, 372; Am. J. Physiol., 
1916, xli, 585,547. Thompson, D. W., Growth and form, Cambridge, 1917. 
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TABLE IV. 
Normal Males, November 1914. 
| Deviation Times probable’ 
Age. No. weighed. Weight. from normal of error of | Variability. 
July 1914. difference. | 

wks. | | gm. per cent 

5 +2.18 33 24.6 

6 24 15.54 —0.04 0.1 19.7 
7 24 16.77 —1.3) 2.6 17.1 

S 24 17.92 —1.44 13.9 
é 9 24 17.92 —2.71 5.3 15.1 
: 10 24 19.10 —2.09 4.2 12.6 
11 24 19.06 6.0 13.4 
12 24 20.46 —2.19 4.4 13.7 
13 24 21.38 —§.98 3.7 12.3 
3 14 24 22.58 —1.38 2.7 10.8 
a 15 24 23.23 —1.05 2.4 9.2 
e 16 24 23.73 —1.02 2.3 8.8 
17 24.23 | —0.98 2.2 7.8. 
IS 23 | 2.6 7.3 
: 19 24 24.71 —1.10 2.4 8.3 
= 20) 23 95.15 ~0.95 2.3 7.2 
of 21 23 25.04 —1.24 3.0 7.2 
22 25.61 —0.45 1.2 6.8 
23 23 25.35 ~0.99 2.6 6.8 
24 23 95.65 2.9 7.0 
25 23 26.02 ~—1.03 2.4 6.4 
a 26 22 25.89 —1.05 2.4 7.2 
27 2: —0.85 1.9 7.4 
QS 29 26.14 —1.05 2.3 7.1 
23 2609 —0.99 2.3 7.4 
iq 30) 18 26.06 —1.17 2.7 7.3 
32 23 26.72 2.1 7.4 
+ 34 23 26.48 —1.23 aT 7.6 
36} 23 26.54 —1.41 3.1 7.5 

38 23 26.91 —1.29 2.8 7.9 

40 23 97 17 —1.10 2.3 7.8 
4 42 23 27.76 —0.52 1.1 7.5 
14 23 97 85 1.5 7.6 
46 23 97 85 —0 70 1.4 7.5 
1S 22 2811 2.3 7.3 
50 22 28.00 | —0.88 1.8 7.9 
: 52 22 28.02 | —0.66 1.3 7.9 
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56 20 | 2.8 S.6 
58 165 23.00 | —1.10 2 7.6 
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TABLE VI. 
No mal Females, 1916. 
Deviation (Times probable 
Age No. weighed. Weight from normal of error of Variability 
914 difference. 
wks grr per cent 
} 12. 43 +2 OA 6.2 12.9 
(3 o4 15.08 +096 2 6 | 
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9 —1.28 3.6 0.7 
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1] | —1.85 140 os 
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15 19.42 | —2.36 56 
16 24 19.90 | —2.24 5.6 | 9.5 
\7 “a | | 
1S 24 20.065 —2.16 5.4: | 9.3 
19 24 2031 —2.29 56 
20 24 | —1.72 4.4 0.7 
22 23 —? 43 5.5 as 
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21.76 —2. 2S 13.1 
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TABLE VIL. 
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| IG. 3. Progessive changes in the growth curve of normal male white 
rice from July 1914 to July 1916. 


. 
we 
3 4 
j 
4 
1's 
( 
> 
3 
fl 
4 5 
3 
i | 
53 
AX 


591 


XXXVII, NO. 3 


October 191 


T. B. Robertson and L. A. Ray 


OF BIOLOGICAL CHEMISTRY, VOL. 


JOURNAL 


bic. 4. Progessive changes in the growth curve of normal female white 


mice from July 1914 to 


THE 


4 
= 
= 
é 
3 
> 
Fame 
GRAM 
~ 
‘ 
24 
4 
= 
NORMAL 
Q 4 
WEEKS 
|_| 
a 
; 
> 
4 
Be 
bi 


. 


» 
Ba 
A 
3 
Sg 5 
a, 3 . 
} 
: 
alg 
; 


EXPERIMENTAL STUDIES ON GROWTH. 


XI. THE GROWTH AND SENESCENCE OF WHITE MICE FED UPON 
PITUITARY (ANTERIOR LOBE) TISSUE, TETHELIN, EGG 
LECITHIN, OR CHOLESTEROL. 


By T. BRAILSFORD ROBERTSON awp L. A. RAY. 


(From the Department of Biochemistry, University of Toronto. 


(Received for publication, January 3, 1919.) 


General Characteristics of Effects Observed. 


In preceding articles of this series! data were presented con- 
cerning the growth of animals receiving (superadded to a varied 
and abundant normal diet) specified amounts of pituitary (ante- 
rior lobe) tissue, tethelin,? egg lecithin, or cholesterol. The results 
reported at that time extended only to the 60th week of life and 
the 56th week of the administration of the substances added to 
the diet. The conclusions reached were: (1) the pituitary (ante- 
rior lobe) tissue in dosage of one-twelfth of an anterior lobe of 
the ox per mouse per day causes a retardation of growth during 
the first part of the third or adolescent growth evele, followed 
by a secondary or compensatory acceleration; (2) tethelin in 
dosage of 4 mg. per mouse per day leads to similar results of a 
much more pronounced character and extent; (3) egg lecithin in 
dosage of 40 mg. per mouse per day causes a uniform retardation 
of growth probably originating in a certain degree of toxicity 
of the very large dose of lecithin or of the choline splif off from 
it during digestion; (4) cholesterol in dosage of 40 mg. per 
mouse per day causes a pronounced initial retardation and sec- 


' Robertson, T. B., J. Biol. Chem., 1916, xxiv, 385, 597; xxv, 635, 647. 

> Concerning the preparation, properties, and actions of tethelin, a 
phospholipin derived from the anterior lobe of the pituitary body, see: 
tobertson, T. B., J. Biol. Chem., 1916, xxiv, 409; Endocrinology, 1917, 1, 
24. Schmidt, C. L. A.. J. Lab. and Clin. Med., 1916-17, it. 711. Sehmidt. 
C. L. A., and May, E. S., thid., 1916-17, 11, 708. 
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ondary acceleration similar in type to that produced by much 
smaller doses of tethelin. : 

In the previous reports, however, only the absolute magni- 
tudes of the observed deviations from normality were considered, 
and no estimate of their real significance in terms of the probable 
error of the measurements was furnished. In the present experi- 
ments the results previously published have been amplified by con- 
tinuing the observations from the 60th week to natural death, 
and the observed deviations from the normal have been computed 
in the only manner which enables us to determine the precise de- 

TABLE I, 
Summary of Tables IT to 1X. 


Average ratio of deviation from normal to probable error of 
estimate. 


(‘lass of animals Sex. 
Weeks. 
4.30 32-60 62-90 02-120 
Pituitary... .. | 1 1 | 1S 
Tethelin. 4.2 3.9 3.2 | 1.0 
Lecithin... .. on | 2.0 4.7 | 4.5 
(Cholesterol. . | 15 4.0 


gree of significance they possess; namely, in terms of the probable 
error of the estimation of the deviations themselves.* 

These extended results confirm in general the conclusions set 
forth in the earlier reports. They are summarized in Table I, 
and are shown in detail in Tables II to IX and Figs. 1 to 8. 

The greater the value of the ratio of the observed deviations 
from the normal to the probable error of their estimation, the 
greater is the significance which attaches to them. From Table 
III of the preceding article, it will be seen that a deviation which 
is twice the probable error of the estimation has one chance in 


3 Paper X of this series. 
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5.6 of being accidental, while a deviation which is six times the 
probable error of the estimation has only one chanee in over 
19,000 of being accidental in origin. <A ratio of less than one 
indicates that the observed deviation from the normal is more 
probably accidental than not. 

Table I shows that in all classes of animals, whether receiving 
pituitary tissue, tethelin, lecithin, or cholesterol, the deviations 
from the normal expressed in probable error units are greatest in 
the first 30 weeks and thereafter diminish progressively. Evi- 
dently all the different classes of animals of the same sex tended 
to approach a common curve of final equilibrium, the attainment 
of which was only prevented by the onset of senescence and the 
loss of weight and mortality which ensue. The substances ad- 
ministered to the animals, therefore, influenced the growth proc- 
ess In the way that catalyzers influence chemical reactions; that 
is, by affecting the velocity with which equilibrium is attained 
without affecting the equilibrium itself. 

In all instances, except one, the effect of the substance added 
to the dietary was, during the first 30 weeks, much greater in the 
females than in the males. The sole exception is that afforded by 
the tethelin-fed animals in which the effect upon the males was 
greater than upon the females. This exception affords striking 
testimony to the reality of the effects observed, for tethelin was 
only administered to the females for three periods of | month 
each (see Tig. 4), while it was administered to the males daily, 
without interruption. 


Effects of Pituitary (Anterior Lobe) Tissue. 


The computation of the deviations in terms of probable error 
units shows that the effect of the dosage of pituitary tissue admin- 
istered upon the growth of the male animals was of uncertain sig- 
nificance, since the observed deviations were only from one to 
two times the probable error. That the deviations from the nor- 
mal nevertheless were real and due to the administration of the 
pituitary tissue is evidenced by the much greater effect of the 
same character upon the female, consisting of retardation during 
the earlier stages of growth. In both males and females the devia- 
tions from the normal after the 30th week are of indeterminate 


A 
3 a 3 
¢ 
ty 
4 
> & 
> 
+% 
‘a & 
. 


4 
a. 
= 
> 
=) 
= 
¥ 
ay” ¥ 
> 
$ 
* 
| 
: 
ay 2 
ex 
4 
g 
* 


> 


396 Studies on Growth. XI 


significance; that is, the growch curves of the normal and of the 
pituitaryv-fed animals are, so far as our estimates reveal, identical 
after 7 months of age. Hence the preliminary retardation of 
vrowth has clearly, prior to the 30th week, been succeeded by 
acceleration. | 


Effects of Tethelin., 


The dosage of pituitary tissue which was administered to the 
pituitarv-fed animals corresponded to a dosage of only about 
O.8 mg. of tethelin per diem. The effect of 4 mg. of tethelin per 
dav is much more marked and consists of initial retardation fol- 
lowed by marked secondary or compensatory acceleration. The 
effects are definite in magnitude and remain so until the last 
period of 92 to 120 weeks (see Table I) when the diminishing 
number of survivors in both the normal and experimental groups 
so enhances the probable error of the estimations that marked 
deviations are requisite for significance. 

It remains to inquire whether the acceleration of growth suc- 
ceeding the 15th week in the tethelin-fed groups is due to the 
tethelin directly or only indirectly; whether it-is due to direct 
stimulation of the growth process by the tethelin, or to some com- 
pensatory process started in the animal itself by the adminis- 
tration, and as a protection against the retarding action of the 
tethelin. 

In our previous reports we subscribed to the former alternative, 
but we now incline to the latter since we find that by discontinu- 
ing the administration of tethelin before the attainment of sexual 
maturity of the animals the acceleration not only still oecurs, but 
is enhanced. In fact, we have succeeded by this method in 
producing some very large animals; namely, a number of females 
weighing over 35 and even over 40 gm. each. The details of these 
results will be reported later but an idea of their character may 
be obtained from the curves in Paper XIV of this series. 


Effects of Eqqg 


In our earlier reports we considered egg lecithin to be without 
direct influence upon the growth processes, for the reason, pri- 
marily, that the curves of growth of the lecithin-fed animals, 
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although below normal, remained parallel to the normal curves 


throughout the first 60 weeks without exhibiting the decisive de- | 


formations of contour characteristic of the growth curves of tethe- 
lin-fed or cholesterol-fed animals. Our present method of evalu- 
sting the results shows that our previous conclusion was incorrect 
and at the same time reveals the value of the statistical method 
when applied to investigations of this character. 

The deviations from normality in the first 30 weeks are of such 
magnitude that there is but one chance in 1,300 that they were 
accidental, nor could any initial error in sampling the material 
from which the experimental animals were chosen have pro- 
duced these deviations, for during the first few weeks of lecithin 
dietary the deviations from the normal increased from three to six 
times the probable error in the males, and from 0.5 to six times 
the probable error in the females. 

The deviation from normality, although diminishing somewhat 
(in probable error units) with advancing age, remained significant, 
throughout life. 

We incline to the view that the effects of egg lecithin in dosage 
of 40 mg. daily are of a twofold origin. That there is probably 
some toxicity 1s indicated by the indifferent appearance of the 
animals (described in our previous reports), by the subnormal 
duration of life (ef. Paper NIT), and by their remarkable suscepti- 
bilitv to infectious amd degenerative lesions (ef. Paper XIII). 
This is confirmed by the marked tendency (nearly always pres- 
ent, but especially prominent in the lecithin-fed animals) to 
abmodality in the frequeney-curve of mortality; 2.e., the marked 
divergence between the mean and the median durations of life (ef. 
Paper XII). The seattering of deaths is not uniform on either 
side of the greatest frequency, but, on the contrary, the 50 per 
cent of animals which survive the median duration of life sur- 
vive to a greater age than we should anticipate from the distribu- 
tion of the earlier deaths. Hence a small proportion of lecithin- 
fed animals, notwithstanding the subnormal duration of life of 
the average, survived to what would constitute a very advanced 
age even In normal animals. 

The egg lecithin employed was a crude preparation, obtained 
by simply precipitating the ether extract of egg yolks with 
acetone, draining, and drying without reprecipitation. It must 
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therefore have consisted of a mixture of lipins. We are inclined 
to refer the toxicity of the material to the lecithin itself, adminis- 
tered in excessively large dosage, while in view of the crude 
character of the preparation used and the ease with which leci- 
thin itself is known to be saponified and the consequent un- 
likelihood of its absorption without alteration, we are inclined to 
attribute its effects upon the time relations of growth to a sub- 
stance or substances associated with our preparations, rather than 
to the lecithin itself. 


Effects of Cholesterol. 


The effeets of cholesterol in dosage of 40 mg. daily are the 
most marked, and consist, as previously stated, in decided initial 
retardation followed by acceleration of growth. The deviations 
from normal are significant throughout life and could not have 
arisen accidentally. 


Errors of Sampling. 


The foundation upon which statistical comparisons are based 
is the assumption, the correctness of which must be verified in 
each particular instance, that the material subjected to measure- 
ment is uniformly variable about a fixed mean, so that successive 
samples differ from one another only fortuitously and not in 
consequence of any systematic cause of variation or shift in value 
of the mean. Now as we have seen in the preceding article 
the normal animals from which the experimental animals were 
chosen were varying’ and the mean weight at every age was 
changing with the lapse of time. It was impossible to start all 
these feeding experiments simultaneously, involving as they did 
the use of over 500 animals, and therefore a systematic source 
of error underlies the results and it becomes necessary to esti- 
mate the degree to which it may have affected their verity. 

The experiments were begun in the following order: normals 
(born July 1914), pituitary (born July 1914), lecithin (born 
August 1914), tethelin, males (born August 1914), cholesterol 
(born October 1914), tethelin, females (born October 1914). In 
November to December 1914 a fresh batch of normal males was 
chosen, which, as explained in the preceding articie, were found to 
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differ from the July normals by deviations averaging only about 
twice the probable error of the estimate. Moreover, their 
growth curve showed no trace of deformation of contour such as 
the concavity between 10 and 20 weeks which characterizes the 
growth curves of tethelin and cholesterol-fed animals. Quanti- 
tatively and qualitatively, therefore, the observed effeets could 
only have been affected by errors of sampling to an insignificant 
degree. 

The reality of the effects observed is, however, furthermore 
established, in a striking way, by the fact that in all the ex- 
periments the effect of the administration (except for the reasons 
noted above, in the tethelin group) was much greater in the fe- 
males than in the males. The progressive alteration of the nor- 
mal with time was very much less? in the female than in the 
male. The result is therefore the opposite of what it would 
have been had the observed divergences from normality been due 
to errors in sampling the material used for measurement. 


Effects upon Varrability. 


The effeets of the various substances administered upon the 
variability of the animals were diverse. In all classes of animals 
and in both sexes the variability during the early months of growth 
was depressed in proportion to the diminution of the velocity ot 
growth. In later months, with the exception of the cholesterol- 
fed groups, the variability of the males remained subnormal, while 
that of the females regained the normal level or even exceeded it. 
Exceptions, as stated, were afforded by both sexes of the choles- 
terol-fed group, which, despite their subnormal weight, became 
abnormally variable in weight after the first 6 or 7 months. This 
high variability was probably attributable in part to the disturb- 
ances of function arising from extensive deposits of cholesterol 
in various organs, and the degenerative lesions which resulted 


4‘ Anitsechkow, N., Beitr. path. Anat. u. allg. Path., 1913, lvi, 379; 1914. 
Ivii, 201. Chalatow, 8S. 8., Virchows Arch. path. Anat., 1912, cevu, 452; 
Beitr. path. Anat. u. allg. Path., 1914, Ilvit, 85. Bailey, C. H., Proc. Soe. 
Exp. Biol. and Med., 1914-15, xii, 68; 1915-16, xiii, 60. 

The presence of extensive deposits of doubly refracting lipoids in the 
liver and adrenals of these animals was confirmed by Dr. C. H. Bailey, to 
whom our thanks are due for examining many specimens of the material. 
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therefrom in later months (Paper NIID). It has been pointed out 
in connection with the growth of children’ that subnormal ve- 
locity of growth, when accompanied by deleterious conditions, 
leads to enhanced variability, while under favorable conditions it 
leads to subnormal variability. 

In all the different classes of animals, normal as well as ex- 
perimental, a tendeney was displayed for a small group of simi- 
lar animals to survive to the last weeks. In other words, a cer- 
tain small number of animals which resembled each other in sur- 
viving longest also resembled each other in weight, as though a 
eertain rather definite weight standard, differing in each class of 
animals, were the most favorable for survival. 


Effects upon Senescence. 


In all the growth curves (Figs. 1 to 8) senescent loss of 
weight precedes by a definite interval the average duration of 
life, and the terminal oscillations of the curve reveal successively 
steeper descending limbs, showing that senescent loss of tissue is 
proceeding with augmenting velocity as age increases. The 
position of the maximum of the growth curve is, however, consid- 
erably affected by the administrations, and almost disappears in 
the curve of the tethelin males (which received tethelin continu- 
ously) and in the curves of the leeithin-fed animals. The hump 
on the normal curve is replaced in these cases by a long, flat- 
tened plateau, gradually rising (tethelin males) or falling (leci- 
thin males and females) till the relatively rapid fall due to senes- 
eence supervenes. It is probably significant that the greatest 
flattening of the curve (7.e., slowing of the rate of change of 
growth velocity) occurred in precisely those groups of animals 
which displaved the greatest duration of life (tethelin males), 
or else in which certain exceptional individuals displayed a re- 
markably enhanced duration of life (lecithin males). 


> Robertson, T. B., Am. J. Physiol., 1916, xli, 547. 
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TABLE —Concluded. 
| | | Deviation Times 
= Age. | No. weighed. Weight. from normal of error of | Variability. 
= | 1914. difference. 
wks. gm. per cent 
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EXPERIMENTAL STUDIES ON GROWTH. 


XII. THE INFLUENCE OF PITUITARY GLAND (ANTERIOR LOBE 
TISSUE, TETHELIN, EGG LECITHIN, AND CHOLESTEROL UPON 
THE DURATION OF LIFE OF THE WHITE MOUSE. 


By T. BRAILSFORD ROBERTSON anp RAY. 


(From the Department of Biochemistry, University of Toronta. 


(Received for publication, January 3, 1919.) 


Methods of Estimation. 


Previous estimates of the duration of life of animals, such as 
those cited by Friedenthal,' are for the most part based upon 
single or relatively few observations, and the duration of life is 
frequently estimated to be that of the longest lived animal ob- 
served, So far as we are aware, no statistical estimation of the 
life duration of animals has ever been attempted. 

According to Mitchell’ mice of various species in captivity 
live for from 16 to 20 months, being presumably grown animals 
when first introduced to captivity. He quotes Metchnikoff, 
without detailing the evidence, to the effeet that mice may at- 
tain the age of 6 vears, an estimate which is certainly exaggerated. 
According to Wood,’ the ‘expectation of life’ for a mouse is 25 
vears, but he does not enumerate the data upon which he bases 
this estimate, which, as we shall see, is somewhat in excess of the 
correct figure. 

All the animals used in the experiments reported in Papers | 
to VI and Paper XII of this series were retained and the dietary 
administrations continued,* under exactly the same conditions as 


' Friedenthal, H., Zentr. Physiol., 1911, xxiv, 321. 

* Mitchell, P. C., Proc. Zool. Soc. London, 1911, pt. 2, 469. 

* Wood, F. C., J. Am. Med. Assn., 1916, Ixvi, 94. 

‘The administration of cholesterol to the cholesterol-fed animals was, 
however, discontinued at the end of the 2nd vear owing to our inability 
to procure cholesterol on the market, and lack of time and facilities for 
producing the large quantities of cholesterol required. 
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those reported in Paper throughout their lives. The dosage «o! 
pituitary tissue was one-twelfth of an ox gland (anterior lobe) 
per mouse per day; that of tethelin was 4 mg. per day, and that 
of lecithin and of cholesterol was 40 mg. per day. 

When possible death was allowed to occur naturally; but occa- 
sionally, when it appeared that valuable material for postmortem 
examination might otherwise be lost natural death was antici- 
pated by a few hours or at most a few days, by etherization. 

In estimating the part plaved by senescence in determining the 
duration of life, deaths which are essentially aecidental must be 
exeluded. Such deaths include those due to epidemic infections. 
The technique adopted in these experiments practically excluded 
epidemic infections from among the causes of mortalitv. In 
only two instances were epidemic infections encountered: namely, 
when six normal females in one nest developed pneumonia tol- 
lowing one ease Which was not isolated promptly, and when a whole 
eage of animals (twenty-four) developed a subacute infection of 
the lungs and nasal epithelium. In the former instance the ani- 
tals were destroyed and their deaths regarded as accidental and 
not ineluded in the estimate of the duration of life. In the sec- 
ond instance the whole expernnent affected was terminated and 
its results were rejected. 

The majority of accidental deaths occurred in the first few 
inonths of life, and in the first few weeks after the transfer of 
the animals from the breeding cages to the experimental cages, 
sporadic cases of o-paratvphoid trequently developed. Such 
mals were killed, and ther nests and cages sterilized. Fatal in- 
juries due to fighting also occurred among the yvoung mates. 
lor these reasons all deaths prior to 210 days, when the animals 
may be regarded as adult, are regarded as accidental and rejected 
in the estimation of the average duration otf lite. 

On the other hand, sporadcc infections occurring subsequently 
to 210 davs are not regarded as accidental, but are considered 
to have been determined by the condition and general resistance 
of the animals, so that death due to local or generalized infeetions 
occurring in single animals was probably occasioned not by ex- 
ceptional exposure to infection, but by lack of resistance to for- 


Robertson, T. Bo, and Ray, L. A., J. Brol. Chem., 1916, xxiv, 547. 
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merly acquired and chronic latent infections, resulting from inmn- 
pairment of the vitality of the tissues by senescence. [t was fre- 
quently observed, particularly in the case of infections of the 
venitourmary organs in males, that injuries from fighting would 
be received early in life and would heal completely, to all ex- 
ternal appearance. Late in life, usually at an advanced age 
oe., exceeding the mean curation of life), abscesses would form 
at the spot previously injured. It was inferred that a localized in- 
fection had been present from the date of injury, but that the gen- 
eral resistance of the animals had been sufficiently strong to pre- 
vent the infection from making headway until senescence and the 
consequent Impairment of resistance gave it an opportunity to 
proceed and to terminate the life of the animal. 


Results. 


The results obtained are summarized in Pable [and are shown 
in detail in Tables Il to NT and Figs. 1 to 10.) In the case of the 
pituitary tissue and of the lecithin and cholesterol administration 
the deviations of the mean duration of life from the normal le 
within or almost within the probable error of estimation (about 
month). 

In the two groups of animals which received tethelin, however, 
the duration of life was greatly extended, exceeding the normal 
by 99 davs, or 13 per cent of the normal duration of life in the 
tales which received tethelin continuously, and by SI days. or 
I} per cent of the normal duration of life in the females which 
received tethelin intermittently in three periods of | month each 
prior to the 30th week. 

The experiments on both sexes confirm each other. Since the 
determinations were carried out in both sexes in the same man- 
nerand vet independently, the chance of both observed deviations 
trom normal being aecidental in origin may be estimated by 
inultiplving the separate chances of their being accidental. In 
this way we find that the deviations from the normal duration 
of lite shown by the pituitaryv-fed and cholesterol-fed antnals 
were more probably accidental than not, and that those displived 
by the lecithin-fed animals were almost as probably accidental 
as not (1 to 1.4). In the ease of the tethelin-fed groups, on the 
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contrary, there is only one chance in 150 that the deviations 
from the normal duration of life can have been accidental. The 
correlation of the magnitude of the deviation with the dosage of 
tethelin administered to the males and to the females respectively 
adds strong confirmation to this conclusion. 

Since none of the ten groups of animals investigated, with 
the exception of the two tethelin-fed groups, shows any deviation 


TABLE 1. 
Summary of Tables IT to XT. 


Ratio of (Chance 
, Average Devintion deviation to that observed 
Of animate | — of from normal. probable deviation 
error. Wats accidental. 
Males. 
| days days 
| 792 +25 0.76 lto 0.64 
| 764 0.10 1 * 0.06 
| 731 — 36 0.94 1* 0.90 
Females. 
| 704 —15 0.48 lto 0.34 
Uhotesterol.......... 65S — 61 245 
O77 — 42 1.27 


Chances that the results obtained with both sexes were necidental. 


from the normal duration of life which may not be regarded as 
lying within the experimental error of the estimation, we may 
regard the normal, pituitary-fed, lecithin-fed, and cholesterol-fed 
animals as forming collectively a series of control animals and es- 
timate from this increased number the normal duration of life 
with a probable error reduced to approximately one-half. In 
this way we find that the prolongation of life of the tethelin-fed 
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males beyond the average of all other classes of males was 103 
days, while that of the tethelin-fed females was 108 days, and 
the chance that both these deviations from the norm thus estab- 
lished were accidental is one in 11,000. 

In every group of animals there is a tendeney, more or less 
marked, to bimodality of the frequeney curve of death, or curve of 
the rate of death at varying ages. This tendency is, however, 
exaggerated in both the groups of tethelin-fed animals, so that two 
periods of mortality are separated by a period during which the 
death rate sank to zero. The smaller proportion of the animals 
died relatively early in life; the larger proportion died in the later 
period of mortality. The prolongation of the mean duration of 
life is attributable to the remarkable longevity of the latter 
group. 

The median duration of life, or age at which 50 per cent of the 
animals had expired, was determined graphically from the curve 
of total deaths by determining the point of intersection with the 
straight line y = 50 per cent. In every case except the choles- 
terol-fed males and the pituitary-fed females the median dura- 
tion of life is less than the average duration of life, implying that 
the animals which survive bevond the median duration of life are 
to a slight extent selected animals, not differing fortuitously, but 
to some extent in kind from those which die earlier. This tendency 
towards asymmetry of the distribution of deaths is slight, the 
deviation of the median from the mean only definitely exceeding 
the probable error of the estimation in two instances (cholesterol- 
fed females and lecithin-fed males). In the case of the tethelin- 
fed females the median duration of life was indeterminate, be- 
cause it fell within the period of zero mortality when a single 
death would have affected the estimate by no less than 100 days. 

Although the lecithin-fed animals displaved a diminished 
rather than an enhanced viability, vet a small group of males 
attained extraordinary longevity, 9 per cent surviving to over 
1,100 days, as compared with O per cent of normals, 3 per cent of 
each of the pituitary- and cholesterol-fed groups, and 4 per cent 
of the tethelin-fed group. Had we relied solely upon the lon- 
gevity of the longest lived individual in estimating the duration of 
life, therefore, we should have been led to select lecithin as the 
dietary addition most favorable to prolongation of existence, 
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Whereas, the statistical investigation reveals that it is actually 


unfavorable. 


The females did not plainly exhibit any similar 


tendency, and we remain uncertain whether the remarkable 
longevity of the small group of males referred to was fortuitous 
in origin, or attributable to the lecithin or to other substances 
contamed in the crude preparation of lecithin employed. 
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TABLE V. 


Mortality of Pituitary-Fed Females. 
Age-group. No. of deaths | of hes. | | 
days | | days 
300-400 2 (5 | | 388 
400-500 5 14 | 1) | 446 
500-600 3 4 | OS | 563 
600-700 3 9 | 37 | 634 
700-800 7 20 | 57 | 751 
SO0-900) 12 34 | S43 
Total No. of animals... . 
Average duration of life... 704 days 
Standard deviation of duration of life 
Probable error of average... 
Variability of the duration of life | a | . 25 per cent 
Median duration of life (50 per cent dead eer days 


Probable error of median. . 


TABLE VI. 
Mortality of Tethelin-Fed Males 
| No.otdesthe | | | ase a 
days days 
500-600 2 368 
GOOTOO 3 13 22 O44 
700+ SOU 0 22 
7 30 a2 S42 
900-1 000 5 22 74 40 
100 5 22 On} 1,025 
4 1100-1, 200) 1K) 1,124 
Average duration of life. .. . S866 days 
Standard deviation of duration of life , ao 
Probable error of average. . 
Variability of the duration of life Perey _ 18 per cent 
Median duration of life (50 per cent dead days 


Probable error of median.... 
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TABLE VII. 
Mortality of Tethelin-Fed Females. 
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Age-group. No. of deaths. | A age at 
days days 
500-600 ! | 6 12 596 
600-700 3S 659 
SOO--900 3 | 19 69 S59 
900-1000 6 | 75 | 984 
1,000—1, 100 4 25 | 100 1,051 
Standard deviation of duration of life...................... 166 
+ 97 


Probable error of average................ 
Variability of the duration of life. .... 


Median duration of life (50 per cent dead) 


indeterminate 


20 per cent 
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VIII. 


Mortality of Lecithin-Fed Males. 


Age-group. 


No. of deaths 


Per cent 


of total deaths. 


Total per cent 
of deaths. | 


Average age at 


death. 


days | days 
300400 | 2 6.0 6.0 34S 
400-500 4 12.5 19.0 435 
900-600 19.0 37.5 
600-700 4 12.5 H40 
TOO-S00 3 9.0 59.0 765 
SOO-900 4 | 12.5 72.0 S48 
900-1000 | 2.5 84.0 973 
1 100 2 91.0 1,031 
1, 100-1,200 3 100.0 1,149 


Standard deviation of duration of life os 


Probable error of average. . 
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TABLE IX, 
Mortality of Lecithin-Fed Females. 


Age group. Ne ofdenthe. | | | 
days. | | | | days 
200-300 | 3 | 3 | 7 
500-400 2 4 | 
400-500 5 | 15 24 | 456 
200-600 4 12 30 | 
5 | 15 | 
700-800 7 | 21 70 | 746 
S00-900 5 15 | S46 
O00 3 | | 
1000-1, 1000 2 | | 100) | 1.022 
Average duration of life... 677 days 
Standard deviation of duration of life Ge eee 
Probable error of =23 “ 
Variability of the duration of life... 
Median duration of life (50 per cent dead). ............... 658 days 


TABLE X. 
Mortality of Cholesterol-Fed Males. 


Asearoup. | No.ofdeaths. | | | a 
days | days 
200-300 3 3 205 
300-400 3 329 
5 14 34 678 
700-800 6 7 51 768 
SOO—900 11 31 SOI 
O00 11 36) 
1, 000-1, 100 Q7 
| 1, 100-1, 200 3 100 1,125 
Standard deviation of duration of * 
| Variability of the duration of life...................... ... 23 per cent 
Median duration of life (50 per cent Gays 
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TABLE XI. 


A. Ray 


Mortality of C hole ste rol- Fe d Pe male x, 


No. of deaths. Per cent 


Age group. 


days | 
200-3000 2 | 
300-400 | 2 | 6 
10-500 4 13 
SOG) | 4 13 
HOO TOO 
2 
S00-900 | 13 
GOO-1.000 
1 000-1, 100 | 4 13 


of total deaths 


| Total per cent 
of deaths 


437 


Average age at 
deat 


days 
449 
DOD 
S42 
| 1.030 He 


Lecithin. . 100 Q4 Sl 


‘Total No. of antmals. 32 
Average duration of life | 65S days 
Standard deviation of duration of life * 
Variability of the duration of life ee 33 per cent eae 
Median duration of life (50 per cent dead)... 595 days ae 
TABLE if 
Proportion of Animals Surviving to Various Age 
Percentage surviving to 7 | 
Class of animals. Days. § 
300 400 500 | | 700 } 900 «1,000 1,100 
Mules. 
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hia. 1. Mortality curves for normal male white mice. 
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Fic. 2. Mortality eurves for normal female white mice. 
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Fic. 3. Mortality curves for pituitary-fed male white mice. 
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Fic. 4. Mortality curves for pituitary-fed female white mice. 
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Fic. 5. Mortality curves for tethelin-fed male white mice. 
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lic. 6. Mortality curves for tethelin-fed female white mice. 
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Fic. 7. Mortality curves for lecithin-fed male white mice 
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hic. 8. Mortality curves for lecithin-fed female white mice. 
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hia. 9. Mortality curves for cholesterol-fed male white mice. 
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hic. 10. Mortality curves for cholesterol-fed female white mice. 
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EXPERIMENTAL STUDIES ON GROWTH. 


XIII. LESIONS EXHIBITED BY NORMAL, PITUITARY.-, LECITHIN.-, 


CHOLESTEROL-, AND TETHELIN-FED WHITE MICE AT THE 
OCCURRENCE OF NATURAL DEATH, WITH ESPECIAL 
REFERENCE TO THE INCIDENCE AND DE- 


VELOPMENT OF SPONTANEOUS 
CANCER. 


By BRATLSFORD ROBERTSON ano L. AL RAY. 


(From thie 1d partinu rel of Biochemistry, rsity of Toronto 


(Received for publication, January 8, 1919.) 
Procedure. 


The animals emploved in the investigations described in the 
preceding articles of this series (Papers [I to VI and X to NIT) 
were Invariably examined for lesions after the occurrence of nat- 
ural death, except in a small proportion of cases in which delayed 
detection of death led to decomposition which rendered exami- 
nation of the tissues useless or impossible. 

(jross lesions or tumors manifest to the naked eve on examina- 
tion of the organs were noted and sections of formaldehyde- 
hardened material were prepared and examined microscopically. 
No attempt was made to examine sections from a variety of or- 
gans and tissues as a routine procedure, because our facilities 
and the time available did not permit us to undertake such a 
task. For this reason a considerable proportion of incipient cases 
of nephritis, for example, as well as other lesions of interest and 
lnportance may have been overlooked. The carcasses of all the 
animals have been preserved in formaldehyde for further patho- 
logical studies. We feel confident that nearly all cases of 
carcinoma and other new growths were detected and identified 
except in the small proportion of cases in which postmortem 
examination of the tissues was impossible. 
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In a certain proportion of cases the naked eye examination of 
the tissues revealed no obvious lesions or cause of death. Such 
eases frequently occurred in very old, senescent animals, in which 
death was probably due to simultaneous atrophic degeneration 
of a number of organs. 

The results of our postmortem examinations are summarized 
in Tables IT and II and are given in detail in Tables III to NIT. 
No deaths prior to 210 days are included in the tables, such deaths, 
as explained in the preceding article, being regarded as essentially 
secidental in origin. 


Infections. 


Local infections occurred in and were responsible for the death 
of 2 relatively large proportion of the males. This is attributable 
to injuries received in fighting, especially in the neighborhood of 
the penis and testicles. Late in life, and frequently after com- 
plete healing of the traumatisms as far as could be Judged 
externally, these lesions became the center of localized infections, 
Which trequently terminated life by blocking the passage of the 
urethra. 

Creneral infections (pneumonia and §-paratyphoid) were rare, 
since especial precautions were taken to prevent infeetion from one 
animal or cage to another. Among all the males an average ot 
slightly over 4 per cent died, usually late in lite, from generalized 
infections, and among the females less than 1 per cent. 


Carcinoma. 


Tumors accounted for the death of a great proportion of the 
animals of both sexes and of all dietary classes. Carcinomas were 
much more abundant in the females than in the males, occurring 
in 27 per cent of all the males and 89 per cent of all the females. 
This figure corresponds closely with the average incidence found 
by Lathrop and Loeb in a variety of different strains of mice.! 

No definite effect of the dietary administrations upon the fre- 
quency of incidence of carcinoma was observed. This fact 1s 
significant when the markedly accelerative action of cholesterol 


‘Lathrop, A. kb. C., and Loeb, L., J. Cancer Research, 1916, 1, 1. 
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TABLE LI. 


Average Age at Death in Animals with the Following Lesions. 


Degenerative | Average dura- 
Class of animals. Carcinoma. Sarcoma. 
| lesions. tion of life. 


Males. 


TABLE IL. 


days days days 

823 765 792 

Cholesterol........... S4S | tid 
QOS 766 1,065 | S66 

Cholesterol........... 590 506 S71 G58 
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and tethelin upon the growth of inoculated carcinomas is reealled,” 
and it demonstrates decisively the truth of the generalization to 
which other investigators have been led,?that the conditions favor- 
able to the cnezdence of carcinoma are quite distinet from those 
which are favorable to its growth. 

No. definite effeets were observed upon the duration of life of 
the antmals which exhibited carcinomatous neoplasms at death in 


“any of the dietary classes except those which received tethelin 


(4 me. daily). In these the prolongation of life of the animals 
exhibiting carcinomas at death was even more marked than the 
prolongation of life of the average tethelin-fed animals (132 days 
in the males, and 249 days, or 83 per cent of the whole normal 
duration of life, in the females). Sinee no other classes exhibited 
the shghtest tendency to prolongation of life of the carcinomatous 
individuals, we must regard this effeet as distinetively attributable 
to the administration of tethelin. 

Since carcinoma is essentially a disease which accompanies a 
measure of senescence, We may infer that the delay in the death of 
the carcinomatous animals was due to the fact that the onset of 
senescence in the tethelin-fed animals is markedly deferred, and 
the spontaneous origin of carcinoma suffered even more than 
proportionate delay. The fact that the delay in the incidence of 
carcinoma Was more than proportionate to the prolongation of the 
average life may be correlated with the fact that senescent loss of 
weight, when it does initiate in tethelin-fed animals, is less rapid 
than it is in normal animals (ef. Figs. 3 and 4 in Paper XI). 

Lathrop and Loeb, in their investigations upon tumor incidence 
and tumor age in mice! do not report the death of any animals 
having tumors at ages exceeding 2 years, and our observations 
upon mice of all dietary classes, other than the tethelin-fed groups, 
support the conclusion that the oldest animals do not develop 
varcinoma. In the tethelin-fed groups, however, the reverse was 
true, and the carcinomatous growths were encountered most 
abundantly in the animals which survived the longest. 


? Robertson, T. B., and Burnett, T. C., J. Exp. Med., 1913, xvu, 344; 
1015, xxi, 280; 1916, xxiii, 631. Sweet, J. E., Corson-White, E. P., and 
Saxon, G. J., J. Biol. Chem., 1915, xxi. 309. 

>Woglom, W.H., J. Erp. Med., 1915, xxii, 
Burnett, T. C., J. Cancer Research, 1918S, in, 
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The result could not have been influenced by hereditary fuc- 
tors, such as the accidental selection of animals descended from 
a small number of common ancestors transmitting these pecu- 
liarities to their offspring, for the male and female groups of 
tethelin-fed animals were born in August and October, 1914, re- 
spectively, while the cholesterol-fed groups which were selected 
from the same stock and did not display this peculiarity were 
born in September and October, 1914; that is, subsequent to the 
birth of the tethelin-fed males and prior to the birth of the 
females. 

ven more marked than the delay in the cnecdence of carcinoma, 
was the delay of its growth in the tethelin-fed animals. A ma- 
jority of the animals exhibiting carcinoma in other classes died 
as a result of growth of the tumor, and consequent interference 
with the funetions of the organs in its vicinity. In the tethelim-fed 
groups of animals, on the contrary, death in nearly all cases oc- 
curred from other and undefined causes, possibly diffuse senes- 
cent atrophy of one or more organs, not evident to the naked eve, 
and the carcinoma was confined to one or more minute spots of 
from 1 to 6 mm. diameter in the lungs. 

This result was very unexpected, since in animals which are 
afflieted with ¢noculated carcinoma, the administration of tethelin 
eauses marked acceleration of the growth. A reason for this dis- 
crepancy may possibly reside in the differing locality of primary 
incidence in tethelin-fed as compared with the other classes ot 
animals. In all the other classes the primary growth generally 
oceurred in the axilla or in the groin. In the tethelin-fed animals 
the primary growth did not, as a rule, occur in these localities, or 
at all events did not make itself grossly manifest there, the only 
growth, in the majority of cases, being found in the lungs. 


Sarcoma, 


Several types of sarcoma were encountered, but the mos: 
common was a lymphosarcoma, probably identical with the 
lymphoadenoma of mice described by Haaland* and by Murray. 


‘ Haaland, M., Ann. Inst. Pasteur, 1905, xix, 165. 
Murray, J. A.. Third scientific report of the investigations of the 
perial Cancer Researeh Fund, London, 1208, p. 69. 
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It appears, however, to be more abundant in our stock than 
in the strains of mice examined by Murray, who reports only 
four cases in a large number of animals. 

This tumor consisted of masses of lymphoid cells widely dis- 
tributed in the body and sometimes accompanied by lymphoid 
infiltration of the organs, resembling Hodgkin's disease. In one 
instance masses Of lymphoid tissue were found even in the brain. 
The distribution of this tumor differed widely from that of car- 
eimoma, and diagnosis, although always confirmed by the micro- 
scope, could confidently be made with the naked eve. The 
lymphoid masses oecurred chiefly in the mesenteric glands and 
the glands adjacent to the ureters and the kidneys, while the 
thymus was almost invariably the site of a larger or smaller 
growth and the great majority of animals displayed a marked 
splenomegaly. The carcinomas, on the contrary, occurred in the 
subepithelial regions in the groin and axilla and metastasized into 
the lungs, the thymus remaiming unaffected. 

The frequency of the incidence of sarcoma was decidedly re- 
duced by the administration of cholesterol; it was one-sixth of 
the average in all other classes of males and one-third of the aver- 
age in all other classes of females. On the other hand, the fre- 
queney of the incidence of sarcomas (almost all lymphosarcomas) 
was greater in the tethelin-fed animals, being twice the average 
of all other classes in both males and females. In the females, 
however, the incidence did not exceed that found in the normal 
females. Probably this slightly increased trequency of meidence 
of sarcomas in the tethelin-fed animals was due merely to the 
delay im the incidence of carcinoma, permitting a greater pro- 
portion of sarcomas to develop. 

The duration of life of the small proportion of cholesterol-fed 
animals which developed sarcomas was decidedly reduced, 151 
days below the average duration of life of the normals im the 
males and 240 days in the females. In other words, sarcoma de- 
veloped early or not at all. The duration of life of the tethelin- 
fed animals which developed sarcomas was slightly above normal. 

In all groups of male animals the duration of life of those 
which developed sarcoma was less than that of the animals which 
developed carcinoma. In each of the groups of female animals, 
with the exception of those receiving cholesterol or tethelin, the 


> ¥ 
‘ 
¥ 
a} 
os 
he 
; 
4 
i 
2 
q 
4 
an 
2% 
| 
j 
a 
> 
> 
$45 
& 
3 
| 
| 
vad 

j 4 

; 
as é 

- 

4 
2 
¢ 


T. B. Robertson and L. A. Ray 449 


reverse was the case. In all classes of male animals the average 
duration of life of the animals which developed sarcoma was less 
than the average duration of life for all the male animals in the 
class. In each of the classes of female animals, with the exception 
of the cholesterol- and tethelin-fed groups, the reverse was the 
ease. ‘There is therefore a correlation between sex and the rela- 
tive and absolute ages of incidence of these two types of tumors, 
snd the exeeption afforded by the cholesterol- and tethelin-fed 
eroups may be correlated with the abnormal time relations of 
erowth in these two groups, which resembled one another, but 
differed markedly from those displayed by the remaiming classes 
of animals (ef. Paper XI). 

In eight of the ten groups of animals studied, carcinomas were 


rore numerous than sarcomas. 
Degenerative Lesions. 


Degenerative lesions, usually of the kidney, but occasionally of 
the liver or other organs, were frequent in the animals of ad- 
vanced age, and more especially in the animals which received 
cholesterol. The unusual frequency of degenerative lesions in the 
cholesterol-fed animals must be attributed to the extensive de- 
posits of cholesterol which form in various tissues of smimsals fed 
unusual quantities of cholesterol,” and which give rise to lesions 
which subsequently become centers of degenerative changes. 
The presenee of such deposits in the livers and adrenals of our 
inimals was confirmed by Dr. C. H. Bailey, whom we wish to 
thank for examining a number of specimens.’ 

Degenerative lesions in the kidneys (interstitial 
were most abundant in the cholesterol-fed animals, the percent- 


nephritis) 


Chalatow, S.8., Virchows Arch. path. Anat., 1912, 452; Bester. path. 


Anat. u.allg. Path., 1914, lvii, 85. Anitsehkow, N., did., 1915, Ivi, 379; 
914. Iwai, 201. Bailey, C. H., Proc. Soe. Exp. Biol. and Med., 1914-15, 
sii. 6S; 1915-16, Niii, 60. 

‘It is of interest to note that Chalatow and Anitschkow failed to elicit 
the formation of deposits of cholesterol in the liver by administering cho- 
lesterol by mouth to rats, although they readily obtained them in rabbits. 
This may possibly indicate a difference in the lipoid metabolism of rats and 
mee, or more probably may merely be traceable to differences in the 


dosages administered, 
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age of observed cases being four times the average for all other 
classes in the cholesterol-fed males and six times the average for 
all other classes in the cholesterol-fed females. This fact is re- 
markable because, according to the authors cited, manifest de- 
posits of cholesterol do not occur in the kidneys of normal animals 
| receiving cholesterol by mouth.’ It has, however, been pointed 
aa out by Weltmann and Biach’ that when the kidneys have been 
| injured, as, for example, in uranium nephritis, cholesterol is de- 
: posited in the injured cells and may doubtless cause exaggera- 
tion of the injury. We can understand, therefore, how adminis- 
tration of cholesterol might increase and make prominent lesions 
which would otherwise have remained latent or subacute until 


death. 
| Facilities did not permit a special investigation of the question 
4 | of cholesterol deposits in the kidneys, and furthermore adminis- 
re tration of cholesterol, through lack of a sufficient supply, was 
discontinued a yvear before the majority of the most marked 
cases of nephritis developed. By this time the original deposits 
of cholesterol might be expected to have disappeared, although the 
lesions caused by them would presumably have remained. 
TABLE. 
a Normal Mates. 
Average age at | Proportion of 
# Cause of death. death. | total deaths. 
days per cent 
Degenerative lesions: kidneys.................. QOS 4 
Average duration of life 767 
§ Anitsechkow, N., Deutsch. med. Woch., 1913, xxxix, 741. 


. 'Weltmann, O., and Biach, P., Z. erp. Path. u. Therap., 1913, xiv, 367. 
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TABLE IV. 


Normal Females. 


Cause of death. | 
days 
Average duration of life...... 719 


Proportion of 
total deaths. 


per cent 
3 
37 
47 
0 
13 


TABLE V. 
Pituttary-Fed Mates. 


Cause of death. 

Degenerative lesions 


Average age at 


death. 


Proportion of 


total deaths. 


days 
515 
1.032 
S23 


769 


S35 
S95 
S79 


792 


per cent 


26 


29 


10 


TABLE VI. 


Pituitary-Fed Females. 


Proportion of 


Cause of death. hs 
days per cent 
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TABLE VII. 
Lecithin-Fed Males. 


| 
Average age at Proportion of 


Cause of death. death. — total deaths. 
| days per cent 

Degenerative lesions | 

No cause ascertained. ...... | | 28 

TABLE VIII. 
Lecithin-Fed Females. 
Cause of death at | 
days percent 

Degenerative lesions 

No cause ascertained............ | 
Average duration of life... | O77 


TABLE IX. 
( hols aie rol-F if Mal 


Average age at. Proportion of 


death. total deaths. 
days per cent 
Degenerative lesions | | 
No cause ascertained, ...... HO2 | 
Average duration of 
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TABLE X, 
Cholesterol-Fed Females. 


453 


Cause of death. 


Average age at 
death. 


Proportion ot 
total deaths. 


Infections, local........... 
Degenerative lesions 
No cause ascertained..... 


TABLE XI. 
Tethelin-Fed Males. 


days 


590 


per cent 


| 


Cause of death 


Infeetions, loeal........ 

“4 general..... 
Degenerative lesions, kidneys....... 
No cause ascertained........ 
Average duration of tife.... 


Average age at 
death. 


Proportion of 
total deaths. 


days 
S15 
QOS 


706 


TABLE NII. 
Tethelin-Fed Females. 


per cent 


26 


‘ause of death. 


~ 


No cause aseertained., . 


Average duration of life.. 


Average age at | 


death. 


days 


| 


Proportion of 
total deaths. 


per cent 
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EXPERIMENTAL STUDIES ON GROWTH. 


XIV. FURTHER EXPERIMENTS ON THE INFLUENCE OF TETHELIN 
UPON THE GROWTH OF THE WHITE MOUSE. 


By T. BRAILSFORD ROBERTSON ann L. A. RAY. 
(From the Department of Biochemistry, University of Toronto 
(Received for publication, January 5, 

In 1914 two experiments on the influence of tethelin upon the 
growth of the white mouse were begun. In one of them, consist- 
ing of twenty-four animals, the administration (4 mg. per day) 
was continuous, while in the other, consisting of sixteen animals, 
the administrations were discontinuous, being confined to three 
periods of 4 weeks each in the first 30 weeks of life. The results 
of these experiments, up to the 60th week of lite, were reported in 
1916 in Paper IV of this series! while the results from: the ini- 
tiation of the administrations until the natural death of the ani- 
mals are reported in Paper NI. 

Further experiments were not conducted at that time, owing to 
lack of facilities for the production of sufficient tethelin for daily 
administration to so mary animals. In 1916 more abundant sup- 
plies of tethelin became available and a third and fourth group 
of animals were started upon tethelin, and in 1917 a fifth, com- 
prising a total of 134 animals in five different groups: three of 
females (total, 88 animals) and two of males (total, 46 animals). 

The effectiveness of discontinuous administrations of tethelin 
in producing the characteristic deformations of the growth curve 
that accompany the administration of tethelin, led to the inves- 
tigation of the effects of a single relatively brief period of admin- 
istration in two of the three new experimental groups; namely, in 
a group of 24 females started in 1916, and a group of 22 males 
started in 1917. In these experiments tethelin (4 mg. per day) 
was administered for 8 weeks only, from the 4th to the 1l2th 


‘ Robertson, T. B., J. Biol. Chem., 116, xxiv, 397. 
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week of age, and then discontinued for the remainder of the 
animal's life. In the remaining experiment 48 females received 
tethelin continuously (4 mg. per day). 

The results are shown in Tables Ito IIT and Figs. 1 to 3. The 
figures show in every case the characteristic deformation of the 
growth curve, resulting in a marked coneavity in what would 
normally be the most rapidly rising part of the curve. In no other 
experimental group except those receiving cholesterol, and = in 
none of the six groups of normals studied during this period (ef. 
Paper X) has this marked concavity in the curve of growth been 
noted, and it has occurred in five separate groups of tethelin-fed 
animals. 

The concavity in the curve of growth is the expression of pre- 
limimary retardation preceding sexual maturity, followed by a 
secondary or compensatory acceleration accompanying and suc- 
ceeding sexual maturity. 

In our previous reports we inclined to the view that the ae- 
ceeleration, in common with the retardation, was directly due to 
tethelin. We now believe that while the retardation is due to 
tethelin, the acceleration is due to compensatory factors which 
develop in the animal itself in response to the abnormal dosage 
of the active principle of the anterior lobe of the pituitary body. 
We prefer this view since the compensatory acceleration is more 
intense when the retarding factor, tethelin, is discontinued 
after the 12th week of age and Sth week of the administration. 
This fact is evident from Figs. 2 and 3. 

In adult animals which receive tethelin continuously, the 
compensatory acceleration disappears, and the curves of the 
tethelin-fed and normal animals become nearly parallel, the nor- 
mals increasing In weight, in fact, more rapidly than the tethelin- 
fed animals until the onset of senescence. But in animals which 
have only received tethelin from the 4th to the 12th week the 
acceleration continues in most marked degree. The effects of 
brief administration upon late growth will be reported subse- 
quently but it may be stated that by this means we have sue- 
eceded in producing a number of exceptionally large animals. 

In the females of 1916, receiving the brief administration of 
tethelin, the secondary acceleration led very early (at 11 weeks) 
te intersection of the normal curve by the curve of the tethelin- 
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fed animals, retardation being displaved only by the accelera- 
tion which succeeded it. In the males of L9L7T the intersection 
with the curve of the L916 normals? occurred at a later period (1S 
weeks). The growth curves of animals receiving tethelin continu- 
ously do not intersect the normal curve until advanced old age, 
when the delay of senescence in the tethelin-fed animals confers 
an advantage upon them relatively to the normoisls. 

Since the direet action of tethelin would thus appear to con- 
sist exclusively, so far as the whole animal ts concerned, ot re- 
turdation of growth, the question presents itself how the acecelera- 
tion of growth of epithelial tissues cm scfu arises which is noted in 
the effects of tethelin upon the healing of superficial wounds? 
and upon the growth of inoculated carcinoma.! Two possibilities 
suggest themselves; namely, that tethelin accelerates the growth ot 
epithelial tissues and directly or indirectly retards the growth of 
the other and collectively more bulky tissues, or that tethelin 
retards the growth of all tissues, but indirectly accelerates the 
growth of epithelial tissues zm seta by disproportionately retard- 
ing the growth of other tissues, and thus favoring the epithelial 
tissues in the competition for nutritive materials. Between 
these two alternatives a decision may be reached only by ex- 
periments cn vitro, for which the opportunity has hitherto been 
lacking. 


“No 1917 normals were available for comparison, but since in 1016 our 
stock was already approaching a stable type (ef. Paper XN) it is probable 
that the 1917 normals would not have differed appreciably from those of 

Robertson, T. B., J. Am. Med. Assn., 1916, Ixvi, 1009.) Barney, L., 
J. Lab. and Clin. Med., 1OV7Z-1S8. ti, 480. 
‘ Robertson, T. B., and Burnett, T. C., J. Exp. Wed., 1916, xxii, 631. 
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TABLE UL. 


Deviation limes probable 
Ave No. weighed Weight from normal error of Variability. 
of 1916 difference 
12.63 1 2.4 0) 
—1.16 2.7 1.2 
ri 24 —() 44 10 
24 0 27 14.8 
10 D4 17.58 —0.15 14.2 
13 23 19.91 4 11.8 4 
4 23 +1. 20 2.9 13.3 
15 23 20.63 2.7 12.6 
21 04 2 6 a 
233 22 48 2.17 1 12.1 
20 2? 0 11.32 24 
21 TO L185 ‘3 12.7 
oo 23 67 6 12.4 
24 23 23,22 12.3 
233 35 11 76 13.0 
42 4.52 25 14.3 
my 52 LO. 75 13.3 
30 23 2400 +1.17 16 14.7 
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TABLE III. 
Tethelin-Fed Males, 1917. Brief Administration. 


Deviation Times probable 


Age. No. weighed. | Weight. | from normal | error of | Variability 
of 1916. difference. 
} | gm | per cent 
5 22 12.05 | —-1.20 2 3 | 21.0 
| 22 13.82 | 2 4 | 19.6 
22 | 3.4 | 17.0 
10 17.86 3.9 13.0 
12 —0.69 1.5 10.9 
13 2 | 139.66 —1.26 
22 J1 84 0.7 73 
29 2? 36 — 0.06 0.1 
19 23.58 | | 74 
20) 20 24:00 +1.06 | 2.0 
0) 24.45 11.35 7.5 
20 | (25.80 +1.70 6.5 
7 | 25.90 | 14.59 3049 7.6 
39 CO 4) 26.65 78 
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GRAMS 
Oe 
sr 
J 
CONTINUOUS ADMIDHSTRATION 
wesKs 
; Fic. 1. Influence of tethelin upon the growth of female white mice 


Administration continuous. Dosage 4 mg. per day. 
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307 GRAMS 


| 20F 

10 

ADMINISTRATION DISCONTINUED 
AT 12 WEEKS 
WEEKS 


Pra. 2. Influenee of tethelin upon the growth of female white mice. 


Administration discontinued at 12 weeks (indicated by vertical cross 


mark). Dosage per day. 
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nme 

ADMINISTRATION DISCONTINUED 
AT 12 WEEKS 
WEEKS 


Fig. 3. Influence of tethelin upon the growth of route white iniee. Ad- 


s ministration discontinued at 12 weeks (indieated bv vertieal eross mark.) 
: 
Dosage ting. per day. 
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ABSORPTION SPECTRA OF ACID HEMATIN, OXYHE- 
MOGLOBIN, AND CARBON MONOXIDE HEMO- 
GLOBIN. A NEW HEMOGLOBINOMETER. 


By H. S. NEWCOMER. 


(From the Henry Phipps Institute of the University of Pennsylvania, Phila- 
delphia, and the U.S. Naval Medical School, Washington.’ 


(‘Received for publieation, January 24. 1919.) 


This paper contains spectrophotometriec data on two hemo- 
globin derivatives. The transmissions of solutions of oxvhemo- 
globin, acid hematin, and carbon monoxide hemoglobin for light 
in the visible and ultra-violet portions of the spectrum are given. 
The data have a certain abstract interest. They serve to corre- 
late properly spectrophotometric values with oxygen capacity. 
The immediate purpose in securing them was that they might serve 
as a basis for work on colorimetric hemometers, a problem which 
is discussed at the end of this paper. The optical properties of a 
new hemoglobinometer are described. 


HISTORICAL. 


The visible bands of oxvhemoglobin first desertbed by Hoppe-sevler (1) 
have received considerable attention, more particularly as regards their 
position. Soret (2) was the first to reeognize the great ultra-violet band 
of oxvhemoglobin, a band which he observed with a thuorescing evepiece. 
Later Gamgee (3) using a quartz spectrograph and the sun as a souree, 
made amore extensive investigationef the ultra-violet absorption speetra. 
lie showed that the great ultra-violet band was common to oxyhemoglobin, 
redueed hemoglobin, CO- and NO-hemoglobin, hemochromogen, hematin 
hydrochloride, methemoglobin, and hematoporphyrin. Gamgee did not 
find sueh a band in the speetra of bilirubin, hydrobilirubin, or urobilin. 
A paper by Rost, Franz, and Heise (4) contains excellent plates of the 
spectra of many of the hemoglobin derivatives, together with an extensive 
summary of earlier work. Lewin, Miethe, and Stenger (5) have also pub- 
lished extensive qualitative spectrographie data of this sort. 

follett (6) gives a pieture, only roughly correct, showing the change 
In width of the absorption bands of oxyhemoglobin with dilution. Vier- 
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466 Absorption Spectra of Hemoglobins 


ordt (7) was the first to study the quantitative absorption of these com- 
pounds throughout the visible spectrum. His tables and curves were made 
on a very early type of spectrophotometer having large instrumental 
errors. Cherbuliez (8), in 1890, published certain spectrophotometrie data 


' on the hemoglobins which he had made with an improved instrument. 
a His absorption curves given for the more central portions of the visible 
spectrum are more nearly correct. The a-band of oxvyhemoglobin is given 
a as shallower than the @-band, an error difficult to avoid beeause of the 
a Ba) | disturbing effect of the very high transmission tothe red side of the a-band. 
-* Aside from these two determinations of absorption curves 
a | there have been many determinations of certain absorption con- 
4a stants and relations, in part undertaken with the view of fixing a 
a spectrophotometric method for the quantitative determination of 
oxvhemoglobin and other hemoglobins. 

& If 7 is the fraction of light of a given wave-length transmitted 
q by a substance, then the equation 7 = 10 defines a number e 
a 7 known as an extinction coefficient. The extinetion coefficent is the 
a cologarithm of the transmission. It was first shown by Beer (9) 
a that for a solution a simple absorption relation exists between 
the concentration, c, the thickness, 4, and the extinction coefficient, 

4 e; namely, _ = constant, This equation holds under a wide range 
of conditions. For oxvhemoglobin, carbon monoxide hemo- 


Coed 


globin, and acid hematin it would seem at least to hold within 
the range of dilution here used (whole blood 1: 100 to 1:2,000). 


4 


= Butterfield (10) has shown that the relation holds in the case ot 
a | oxvhemoglobin for a range of dilution of whole blood 1:1) to 
1: 160.) Reid (11) has shown that oxvhemoglobin forms a true 
4 solution. 
a While © Is understood to be the extinction coefficient for a 
4 single wave-length, practically it is the mean e for a sufficiently | 


a small spectral interval, the interval given by the exit slit of the 


a spectrophotometer. The value of the constant of the equation 
a being determined at such an interval for a known concentration, 
Ee c, this value furnishes a basis for the calculation of any ¢ by the 
instrumental determination of the e. By properly choosing the 


+ 


spectral interval and using concentrations giving extinction co- 
efficients within a certain optimal range, the determination may 
be made to within I per cent. With uniformity in slit widths 
such determinations are absolute, variations between different in- 
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struments being only within observational errors of the indi- 
vidual instrument. 

With the thiekness of solution equal to To em. it has become 
customary to designate the constants by the letter 4. The 
ratio of two such constants determined for two separate spectral 


intervals is a ratio independent of the concentration and a char- 


neteristic of the substance. 


The principal determination of the values of these constants 
Ay and A’ for oxyhemoglobin, are as follows: 


Hiifmer (12, 15) 
Ay = 2.070 (5540 to 5650 Angstr6m units)! 
m 41.392 “ 5425 
Ay 
—; = 1.578. 
A’ 


i The Angstrom unit is one ten-millionth of a mm. or one ten-thou- 
sandth w. The Fraunhofer lines often referred to as reference lines have the 
wave-lengths in Angstrom units given below. The values due to Rowland 
are corrected on the basis of the accepted values for the primary standard 
eadmium line and the secondary standard iron are lines of Fabry-Buitsson 

see Fowle. F. i... Smithsonian Miscellaneous Coll., Publication 2269, LOIS, 


No. 


A. u. Alou. A. A. u. A. u. | A. u. 
B 6867.2 5269.55 |F 4861.35 3820.44 76 HO 
| : | 
> SESS 62 4307 .92 iM 3727.64 R 26 t 42 


| 3100.67 S89 
D, 5895.95 5172 69 3581.19 3100.3 
3090.93 


D2 5169.05 HL 3968.48 BEL.00 
do 
5168.90 | 3440.61 


| | 
IP 3361.18 Is 3047.61 | 
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(herbuliez (S) 


A, = 2.0388 (3530 to 35580 Angstrom units ) 
A. 1.526 (5360 “ 5410 
Ao 
At l 
De Saint Martin (14) (polarization spectrophotometer 
Ay = 2.158 (5572 to 5683 Angstrém units) 
Ayo = 1.330 (5380 “ 5490 “ 
= 1.621 
Ad 


Bardachzi (15) (polarization spectrophotometer) 


1, = P.094 (5540 to 5650 Angstrom units) 
Ag = 1,334 (5315 “ 5425 te ee 
Ao = 1.96 
Aj 
Buttertield (16) (polarization spectrophotometer) 
Ay = 1.87 (5561 to 5646 Angstrém units) 
Ao = 1.18 (5335 “* 5420 
1.38 
Butterfield (17) 
a, = 18.42 (green mereury line, 5459 Angstrom units) 
a: = 21.00 (yellow “ lines, 5770 and 5790 Angstrom units) 


(@ represents the Napierian cologarithm of the transmission of a 1 
per cent solution. ) 


Butterfield’s figures for A differ from those of other reliable ob- 
servers by approximately 11 per cent. In determining the trans- 
missions by oxvhemoglobin of the green mercury line or the two 
very adjacent and equal vellow mercury lines many of the tech- 
nical difficulties connected with accurate spectrophotometric 
measurements disappear. Care no longer needs to be exercised 
in making wave-length measurements; there is much more lati- 
tude in the choice of slit width relations and various reflection 
errors are removed. 

The a; and as given by Butterfield might be transformed to 
correspond to the notation otherwise used: 
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EXPERIMENTAL. 
Apparatus. 


The apparatus used was a Hilger sector photometer and quartz 
spectrograph, size C, giving a spectrum 18 em. Jong, extending 
from 2100 to 7000 Angstr6ém units. The light from a single source 
passed by means of appropriate quartz prisms along two sepa- 
rate and symmetrical paths, one above the other, in each of which 
was placed a so called rotating sector consisting of a‘cireular disk 
with two svmmetrical open sectors. The openings of the lower 
rotating sector were fixed in size and each was a quadrant. “The 
openings in the other could be varied from 90-0°. To the sector 
photometer was bolted the absorption cell so that it could be easily 
demounted for filling and returned to exact alignment. The 
double absorption cell was made from a single piece of plate glass 
by drilling it with two holes slightly larger than the two beams of 
light and exactly centered on them. Through the edge of the 
glass plate entrance holes were drilled into the first ones. Win- 
dows of plane clear quartz were then fastened on each face of the 
glass plate with DelKhotinsky cement, thus making two cells each 
1 em. thick. 

This construction gave a rigid alignment of the cells in svm- 
metrical position with respect to the light paths. In the upper 
cell was placed distilled water and in the lower the absorption 
fluid. The absorption of the cell itself was thus corrected for 
at first hand. Opposite the lower cell was the fixed opening sector, 
and opposite the upper cell the variable sector. 

The light coming along the two paths fell in juxtaposition on 
the collimator slit of the spectrograph and passed parallel in two 
beams to be dispersed into two spectra, one directly above the 
other, and so photographed on the plate. By varying the open- 
ing of the one sector the exposure of this comparison beam was 
cut down one step at a time. Twenty-four such simultaneous 
pairs of spectra could be taken on one plate. The wave-length 
at which a pair of spectra matched in density was the wave- 
length having an extinction coefficient corresponding to that sector 
opening. In a paper by Howe (18), and in one by myself (19), 
it has been quite conclusively shown that the extinction co- 
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efficient is the logarithm of the ratio of the fixed to the variable 
opening. 

The plates used were the Wratten and Wainwright panchro- 
matic of London, and of Kastman manufacture. They were given 
tank development according to the formulas accompanying them. 
The iron spark, or for the mid-visible spectrum) sometimes the D 
lines of the sodium flame were alwavs photographed on the plate 
as i comparison scale and used in connection with a wave-length 
scene furnished for the instrument by Hilger. The scale as cheeked 
against the spectra of several metals had errors less than the width 
of the smallest interval in which the two spectra could be compared. 

The light source for the ultra-violet determinations was 2 con- 
densed iron spark, and for the visible, a Nernst lamp with the 
filament vertical. At the beginning and end of each plate expos- 
ures were made with both cells filled with water in order to show 
that the two dispersed beams were of equal intensity, or to deter- 
mine the relative sector openings required to give such equality. 
After the instrument was in adjustment a balance, with equal 
sector openings, could be obtained correct to within an extine- 
tion coefhicient of ,),. To compensate for this error the sector 
settings required for balanced beams were included on each 
plate and the extinction coefficients corrected by the addition 
of this balance constant in each case. The plates often bal- 
anced to within a fraction of ,/,. For the ultra-violet the bal- 
ance was not determinable with as much precision, the smatiest 
observable correction being about , 49. [In making exposures it 
was possible for one sector to present its opening once oftener 
than the other sector. The sectors made 120 revolutions per 
minute. By increasing the exposures to lL minute or more, 
sometimes to 10 minutes, and through repeated observations, 
this source of error was largely eliminated. A sht opening of 
0.015 mm. was uniformly used. This corresponds with an. in- 
terval of 3.5 Angstrom units on the plate at 5500 Angstrom units 
and of 0.3 Angstrom units in the far ultra-violet. . 

The plates were read in a dimly lighted room by holding them 
above an illuminated white background and comparing the spec- 
tral pairs through a slit in a ecard, this slit being from 20 to 40 
Angstrom units wide (referred to 5500 region). In the visible 
region final readings were usually made through the smaller slit. 
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In the ultra-violet a larger slit was used sometimes which meas- 
ured in width from 5 to 20 Angstrom units. The wave-length 
position was read off at the center of the sht from the wave- 
length seale held in position on the plate at the spectrum in 
question. 


Solutions. 


The oxvhemoglobin, carbon monoxide hemoglobin, and acid 
hematin solutions were prepared by the dilution of human blood, 
usually my own. The diluting fluids were O.1 per cent sodium 
carbonate, freshly prepared, 0.4 per cent ammonia water, and 0.1 
N hydrochloric acid. For the preparation of carbon monoxide 
hemoglobin, the solution in the ammonia flask was immediately 
saturated with illuminating gas. The blood was drawn with a 
recalibrated Reeord svringe from a vein, and equal volumes were 
added to each of the fluids in the proportion 1: 100. The esti- 
mation of hemoglobin content of the blood was then made on the 
material in the hematin flask and further dilution to about 1:200 
made accordingly. The estimation of hemoglobin content was 
made on a colorimeter (20) using an artificial color mateh for 
hematin. The error in thus preparing the various solutions usec 
from time to time so as to be of the same relative concentration 
was not large. It was eventually compensated for. In the case of 
the visible portion of the oxvhemoglobin absorption this was in 
part done by reducing each set of data to a uniform level through 
correcting if to correspond to a certain fixed extinction coctfi- 
cient at the bottom of the a-band. The data for the visible por- 
tion of the aeid hematin absorption were all obtained im a short 
interval of time and the errors as between the different solutions 
were small. 

After the various portions of the absorption curves were deter- 
mined they were corrected for relative concentrations and checked 
at various points by using solutions made up from blood of known 
oxygen capacity. The oxvgen capacity of fresh oxalated human 
blood was determined by the method of Van Slyke (21) and simul- 
taneously a 200 dilution made with the various diluting fluids, 
all glassware being recalibrated. The carbon monoxide ab- 
~orption curve was wholly determined from two such solutions. 
It would have been easier and better to have had such material 
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for the determination of the other two curves. It was believed 
that ina complete redetermination an almost prohibitive amount 
of labor would have to be expended before changes in the curves as 
already computed would be justified. Certain corrections were 
however made. The question of absolute concentration of the 
solutions in gm. per liter will be considered later. 

Oxvhemoglobin, when oxygen saturation has been reached, 
and carbon monoxide hemoglobin, when kept saturated with the 
gas, form under these circumstances true solutions, which, when 
kept cold, remain stable for at least a week, and probably for a 
month or more. 

The acid hematin as thus prepared acts for the present purpose 
as Hoait formed a true solution. After several months particles 
settle out which thereafter cannot be brought again into stable 
suspension. Phis process is accelerated if the material is kept 
at room temperature and is most apparent in very dilute solutions. 
In ease the hematin mixture is somewhat more concentrated 
than ., blood dilution, some particles settle out almost immedi- 
ately. Under the above conditions of preparation the hematin 
solution assumes inoan hour spectrophotometrie condition 
which remains nearly constant for several davs and even for sev- 


eral weeks. 
Relation of Time to Color Depth of Acid Hematin. 


It is known (22) that the hematin solution does not assume its 
full depth of color immediately. In order to determine just how 
rapidly it does develop its full color depth we made readings on 
fen preparations of acid hematin from the bloods of as many 
individuals. The first set of readings was made during the 3rd 
minute after the preparation of the hematin, the second set during 
the 15th minute, another during the 30th minute, and a last set 
on the following day. As a result of a long previous experience | 
was able to assume that the solution had reached a stable condi- 
tion within 24 hours. The most careful spectrophotometric de- 
terminations have not shown any demonstrable increase in color 
depth within the next LO days. All readings were therefore calcu- 
luted as percentages of these final values and averaged. It 
scemed reasonable to assume that the rate of formation of acid 


4 
| 
a 
ot 
j 
3 4 
| 
i 
3 
3 
pe 
4 
| 
ia 
= 
tg 
Par 2 


H. S. Neweomer 473 


hematin should be a rectangular hyperbola of the general form 
ry = —c, when x measures the time in minutes and y is the per 
cent by which the acid hematin falls short of its full color depth. 
Using the value for y corresponding to 380 minutes for 2, the con- 
stant ¢ of the equation is determined as 40. The values of 4 
for 3 minutes and 15 minutes fit the curve given by the value 
of ¢ very closely, Justifving the assumption that the curve has 
the form of a hyperbola. Henee the equation for the color den- 
sity of a newly prepared acid hematin solution is x.y = —40, 
where x is the time in minutes and y the percentage short of full 
eolor. A graph (Curve D) of this equation is included among 
the curves of Fig. 2, the squares of the figure being ten units 
each. 

The further trial was made of following a specimen through 
from 1 to 40 minutes, making readings continuously and averag- 
ing them by tens. The points so obtained lay very closely on the 
curve. 

It will be seen that in 20 minutes y = —2 and in 40 minutes 
y= —1. In other words, the specimen then has reached OS 
and 99 per cent respectively of its full density. It will also 
be seen that if the specimen is read in 2 minutes the density falls 
short 20 per cent, or is SO per cent of the final figure. 

The equation not only shows how rapidly the solution reaches 
its full density, but what correction should be added to a reading 
when it is made early. 


Observations. 


The ultra-violet portion of the acid hematin curve was deter- 
mined from eight plates made on the bloods of four individuals. 
The sectors were set for variations of tenths in extinetion co- 
efficients. The various plates differed only slightly from each 
other. The data given are a mean of those derived from five 
plates of my own blood. 

or the visible portion of the acid hematin curve seven plates 
were made using my own blood and with such settings that the 
extinction coefficient varied by hundredths. Three of the plates 
were made on the day the solutions were prepared, the others on 
the 2 following days. The plates were all consistent. They 
were read, their points plotted, and a mean curve was drawn 
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through the locus. The discrepancies ran not over 2 per cent on 
either side of this curve. The plates were again read to eliminate 
errors of judgment and the mean of the new locus was taken as 
the true curve, the discrepancies with two or three exceptions 
having become less than 1 per cent. 

Determinations of the ultra-violet absorption of oxvhemoglobin 
were made on the same bloods as those used for acid hematin, 
ten plates being made. They showed variations in the region 
3200 to 4300 Angstrom units, which were not then understood. 
Some of the solutions showed transmissions in the region 8200 to 
3800 Anestrém units, Which corresponded to extinction coefficients 
as much as 15 per cent greater than those given. The great 
ultra-violet band fell short of its full depth by similar amounts. 
It would seem that these variations were due to incomplete 
oxygenation of the hemoglobin. 

Oxygenation resulting in the dilution of venous blood would 
require at the most 1 cc. of oxygen per liter of solution. At room 
temperature, water contains about 6 ce. of dissolved oxygen, and 
the oxvhemoglobin solution made therefrom would soon come 
into equilibrium with the atmosphere. In recently distilled 
water, equilibrium would be less readily established. It is prob- 
able that in the discrepancies observed solutions using freshly 
distilled water were not sufficiently shaken. The effect of blood 
plasma present in the proportion of about 1: 200 will be discussed 
later. 

The ultra-violet portion of the oxvhemoglobin curve as ob- 
tained from certain apparently satisfactory plates was further 
checked on plates made from thoroughly oxygenated blood of 
known oxygen capacity. The form and depth of the curve at the 
vreat ultra-violet band centering on 4140 Angstrom units Was 
determined on solutions } and 4), as dense as those otherwise used. 
Here the curve was likewise carefully checked and. discrepancies 
were small when the oxygen saturation was to be considered as 
satisfactory. 

The visible portion of the oxvhemoglobin curve was at first 
determined from fourteen plates with my own blood. Except 
for short portions of the steep slopes of the curve the settings 
for extinetion coefficients varied by hundredths. The plates 
having been correlated on the basis of the readings for the ex- 
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tinction coefficients at the maxima and minima points of the curve, 
all the plates were then read and their points plotted, the whole 
was rechecked for errors in Judgment, and a curve was drawn 
through the locus. The discrepancies were somewhat less than 
those obtained in the visible portion of the acid hematin curve. 
The small extinction coefficients for the high transmission in the 
red were determined from the data of six plates, and the results 
checked by making readings with double the concentration. 

The critical points of the curves for oxyhemoglobin snd acid 
hematin, both in the ultra-violet and in the visible, were now 
checked on solutions of known oxygen capacity. About twenty 
plates in all were made for this purpose. They served at the same 
time to give data for the determination of the absolute concentra- 
tion of the solutions to whieh the curves corresponded. 

Incomplete data for the visible portion of the oxvhemoglobin 
eurve had previously been obtained on a spectrophotometer at 
the physical laboratory of the United Gas Improvement Com- 
pany. This was a Hilger quartz monochromatic illuminator 
coupled with a potassium photoelectric cell and galvanometer. 
A set of readings obtained with this apparatus for the region 4300 
to GO00 Angstrom units Is consistent with that obtaimed by the 
photographie method except that the transmissions at the a- and 
3-binds, particularly the former, are not so low as they should 
have been. The dispersion of the instrument was too small for 
the purpose, and the slit width of 0.075 mm. used was too large. 
The blue and violet portion of the curve is, however, very closely 
checked and, as could be expected, the height of the a-3g-peak 
Was correctly observed. 

I had originally made a determination of the absorption curves 
of oxyhemoglobin and acid hematin on a visual polarization 
spectrophotometer at the physical laboratory of the Corning 
(iless Works. These data were incorrect, the discrepancy being 
accounted for on the supposition of an error in the zero adjust- 
ment of the instrument. In order to check this point Dr. J.T. 
Littleton, Jr., of that laboratory, has made two redeterminations 
of the oxyhemoglobin curve on iced material which I sent him. 
His observations are consistent with my data as they now stand. 

The absorption curve for carbon monoxide hemoglobin was 
obtained from the data of about ten plates made on two solutions 


- 


he 


: 
¥4 
: 
¢ q 
| 
‘ 
é 
| 


476 Absorption Spectra of Hemoglobins 


of known oxygen capacity. Only the Nernst lamp was used as a 
source and the ultra-violet absorption determined out to a little 
bevond 38100 Angstrom units. The depth of the great ultra-violet 
band was determined on solutions ,') as dense as those otherwise 
used. It was noticed here too that there were variations in the 
depth of this band, amounting in a week to a 20 per cent decrease 
in extinetion coefhieients for an iced specimen which had been 
opened several times. The band was brought back to its original 
depth by again passing iluminating gas through the solution. 
The height of the peak at 3760 Angstrom units decreased like- 
wise very considerably and was as easily restored.  Clianges in 
the visible absorption were small if present. The data sre de- 
rived from: freshly gassed) solutions. 


(Concentration of the Solutions, 


The concentration of the solutions here used may be calculated 
from the absorption constants as determined by Hiifner, Cherbu- 
lez, de Saint Martin, Bardachzi, and Butterfield. To do this I 
ealculate from my curve 2 mean ¢ for the spectrum interval as 
used by the author in question. The product of this mean e 
and the author’s constant gives a figure for the density of my solu- 
tion. It happens that the mean « is very nearly equal to the « 
eorresponding to the average transmission tor the interval. The 
data are given in Table 

If we disregard Butterfield’s freures, the concentration would 
seem to be about O85 gm. per liter. As will be seen, however, 
Butterticld’s figures are the correct ones. There is another very 
direct way of arriving at the concentration of the solutions used, 
through the determination of the ONVEOTI eApacity of the blood 

Barcrott (23) shows that oxvgen combines with hemoglobin in 
the ratio of onc molecule of oxvgen to one atom of tron, and 
further that there is one atom of tron in the hemoglobin molecule. 
If we accept this proposition, there remains only the question as 
fo What is the percentage of iron in the hemoglobin molecule; 
What is the molecular weight of hemoglobin? There is very little 
discrepaney in the figures given by different authors for the tron 
content of hemoglobin. The aecepted figure is about 0.335) per 
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cent (24). On the basis of this figure the oxygen capacity is 1.34 
ec. per gm. of hemoglobin. This figure for oxygen capacity is 
subject to one correction. It is a maximum figure. Bareroft 


TABLE 


(anes niratron Data for My modlober Nolutions Based (itt ane 


Constants of Various 


‘oncen- 


Author. Region. | Constant.) Meane. , Ratio 
fration., 
| 3 | 1.312 | 0.633 | 0.83 
| | | 
| | 
de Saint Martin...... a-B | 2.153} 0.419 | 0.90 
| 
| | 1.87 | 0.409. 0.764 


23) has shown that the dissociation curve of hemoglobin (the 


oxvgen saturation curve) has the formula 


7, 
Aa 


Where yo ois the percentage saturation of the hemogtobin with 
oxygen, « the oxvgen pressure in mim. of mercury, 7 a number 
2.5,and Aa constant which varies slight!y with mormal indi- 
viduals, averaging about 0.0003. | 

In measuring oxygen capacity the blood was saturated by spread- 
ing it thinly over the inner surface of an open, slowly rotating, 
conical, separatory funnel. The funnel was so rotated for about 
lO minutes before pipetting off the specimen to be examuned. 
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At atmospheric pressure the oxygen pressure is about 180 mm. 
of mercury. Substituting this figure for x in the formula, y be- 
comes 99.2 per cent. The figure for the ec. of oxvgen in 1 gm. 
of hemoglobin under the above conditions is therefore 


99.2 

cc. = 1.38 ce. 

100 

Accordingly a 1: 201 dilution was made in the various solvents 

from blood whose oxygen capacity was being determined. The 

concentration of the solution thus produced when expressed. in 
10) 


gm. of oxvhemoglobin per liter was equal to O01 © 1.33 times the 


figure for the OXVEeN Capacity of 100 ce. of the whole blood. 


kxtinetion coeflicients derived from such solutions of known con- 
cs centration were used to ascertain the concentration of the solutions 


for which the original absorption curves had been determined. 
This was accomplished by making use of the fact that the ratio of 
eorresponding extinction coethicients of anv two solutions of a 
substance is equal to the ratio of their concentrations. If the 
extinetion coefficients are known in each case, the concentration 
of one solution can be deduced from that of the other. 
ight plates were made from four oxvhemoglobin solutions of 
known concentration. The extinction coefficients at the bottoms 
of the a- and 3-bands as computed from these plates were com- 
pared with the figures 0.715 and 0.67 obtained for the correspond- 
ing extinction coefficients of the oxvhemoglobin curve. “The con- 
centration of this original oxvhemoglobin solution as thus com- 
puted at the a- and s-bands was respectively 0.758 and 0.759 
ein. per liter. The height of the peak between these two bands 
as had been computed for ‘Vable Il] was then slightly changed 
(from O08 to 0.406) so as to correspond to a concentration of 
0.7585 gm. per liter when similarly referred to the average read- 


| , ings of these eight plates. 

If we give these two figures for concentration as derived at the 
bands an equal weight with (he concentration figures of Table I 
due to Butterfield, we obtain an average of 0.75975 or 0.76 as the 


| gm. per liter of oxyhemoglobin in the solution to which the curve ; 
corresponds. 
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In the case of acid hematin the extinction coefficient of these 


known solutions at the nearly level interval 5500 to 5580 Ang- 


strom units was determined as the average of about a dozen con- 
sistent readings to be 0.5185 when computed for a 0.76 em. solu- 


tion. ‘The extinction coefficients for the visible absorption of acid 
hematin were then all multiplied by such a factor as to bring the 
average extinction coefficient in the region 5500 to 5580 Angstrom 
units to 

The values of the extinction coefficients at the tops of the 
peaks at 5100 Angstrom units were in the case of both curves, 
oxvhemoglobin and acid hematin, Such as to correspond to a O76 
gm. solution. The ultra-violet portion of these two curves was 
therefore not corrected further for density. The mid-ultra-violet 
portion of the oxvhemoglobin curve was corrected for oxygen 
saturation. The extinction coefficients as determined from the 
earbon monoxide hemoglobin plates, being determined from: solu- 
tions of known oxygen capacity, were simply reduced by 8.5 per 
eent so as to correspond to a 0.76 gim. solution. 

The intervals chosen by the various authors for the determina- 
tion of the spectrophotometrie constants are too wide. New in- 
tervals having a width of 40 Angstrom units might be chosen 
so as to be centrally located. On the basis of the data herein 
contained such a set of constants for oxvhemoglobin would be as 


follows: 


Ox phe moglob in, 


A (5580 to 5620 Angstrom units 
A’ =1.14 (5390 “ 5430 
A’’ = 1.068 (5740 “ 5780 


C‘arbon Monoxide The moglobin, 


A. = 1.343 (5540 to 5580 Angstrém units 


Al 1.128 (5360 5400 

= 1.128 (5680 “ 5720 
Acid Hlematin. 

Ay, = 1.465 (5500 to 5580 Angstrom units) 


Tables IT, IT, and LV give the absorption data for acid hematin, 
oxVhemoglobin, and earbon monoxide hemoglobin in an esti- 
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mated density corresponding to 0.76 gm. to the liter of oxvhemo- 


globin and in a laver 1 em. thick. 


In Fig. 1 which gives the data of Tables I] to IV, extinetion 
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TABLE Ill 


ortinetion cients for modglobin, 0.76 Gm per Liter 
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TABLE IV. 


Coe nis for Carbon Monoxide moglobin, 076 Gm. per Lite 


Wave- Iixtinetion Wave- extinction Wave Iextinetion Wave- Extinetion 
length. | coeflicient. length.  coefthicient length. coefhcient length. coefficient. 
A. u. Alu. | | A. A. 

3000 | 0.81 | 4080 | 4.15 | 4720 | 0.347 | 5660 | 0.658 
3040 | 0.73 | 4100 | 49 | 4700 | 0.33 | SeR0 | 0.671 
3100 | 0.7 | 4120 | 6.0 | 4800 | 0.316 | 5700 | 0.675 
3160 | 0.745 4130 | 6.7 | 4880 | 0.299 | 5720 | 0.671 
3200 | 0.835 {| 4140 | 7.4 | 4980 | 0.289 | 5730 | 0.664 
| 0.96 | 80) 5040 0.8 | 5740 | 0.645 
3280 | 1.083 | 4160 | 8.45 5100) 0.34 | 5760) | 0.575 
| | | | 0.393 | S770 | 
300 | 1.3 | 4220 | 8.44 | 5900 | 0.46 | 57900 | 0.445 
4308 | | 820 5260 | 0.55 | 5820 | 0.325 
3520 | 1.295 | 420 | 7.3 | 5300 | 6.61 | 5800 | 0.280 
3500 | 1.215 | 4000 | 6.5 | | Som | 
3590 ll | 4200 | 5.65 | 5300 | 0.66 | 5000 | 0.164 
3620 | 0.99 | 4280 | 4.25 | 5360 | 0.671 | 5950 | 0.131 
3660 | 0.89 | 4300 | 3.0 | 5380 | 0.675 | 6000 | 0.111 
3700 | 0.825 | 4320 | 1.9 | 8400 0.673 | 6040 | 0.1 
3760 | 0.795 | 4340 | 1.4 | 5420 | 0.665 | 6140 | 0.08 
3810 | 0.82 | 4360 | 1.1 | 5440 | 0.647 | 6220 | 0.07 
3840 | 0.89 | 4380 | 6.9 | 5460 | 0.6125 | 6360 | 0.06 
3860 0.985 | 4400 | 0.8 | 5480 | 0.6 | 6500 | 0.054 
asso. | 1d | 4440 | 0.652! 5500 | 0.581 | 6600 | 0.052 
3900 1.38 | 4500 | 0.585 5550 | 0.565 0.05 
3960 19 | 4560 | 0.461} 5600 | 0.58 68000049 
4000 2.4 | 4600 | 0.422) 5620 | 0.6 | 6900 | 0.048 
3.05 4660 | 0.370) 5640 | 0.63 | 7000 | 0.048 
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DISCUSSION. 


Acid hematin is known to have different spectral characteris- 
ties under varving conditions as to acid and solvent (4,5). The 
eurve for material prepared in the manner described is constant 
and stable, for several days at least. The curve agrees essentially 
with the spectrogram by Rost, Franz, and Heise (4) of acid hema- 
tin prepared in a similar manner and with 1 per cent HCl. The 
prominent band in the red has its deepest point at about 6620 
Angstrom units. The difficulty experienced by many in cdis- 
tinguishing photographically the other two bands in the visible 
is readily understood. They are very shallow. There is a broad 
general depression extending from 5100 to 5900 Angstrom units 
Which is divided by a very slight rise at 5480 Angstrom units. 
In the curve this shows up very distinctly but in a single spectro- 
grim it is discernible only with difficulty, if at all. It first be- 
comes apparent when quantitative absorption measurements are 


; 


- 


~ 
4 
Fug! 
| 
| 
3 
» 
i 
4 
she 
‘Be 
is 
a: 
& 
¥, 
® 
4 
1 
by 4 
4 
#8 
ag 
¢ 
if 


ere, 


“a 


4 


484 Absorption Speetra of Hemoglobins 


made. This rise appeared both by the photographic method and’ 


with the visual spectrophotometer at Corning. 

The great ultra-violet band of acid) hematin is broader and 
shallower than in the case of oxvhemoglobin, the broadening 
extending it further into the ultra-violet and obliterating the 
small peak at 3680 Angstrom units which appears in the oxvhemo- 
vlobin curve. There is beyond the peak at 3100 Angstrom units 
a shallow but distinct band with its center at 2780 Angstrom 
units. Bevond 2-400 Angstrém units the absorption becomes very 
great, more rapidly so than in the case of oxvhemoglobin. The 
further side of this band does not appear within the range of the 
Instrument (2050 Angstrom units). 

The p-band of oxvhemoglobin is seen to be fainter than the 
a-band, the difference in depth being, however, slight. As viewed 
in the ordinary spectroscope there is a subjective difference greater 
than the real difference. The great ultra-violet band is much 
deeper, the ratio of the extinction coefhicients being about eight. 
This means that the ultra-violet band can be recognized in eight 
times as dilute a solution as can the visible bands. A quartz 
spectrograph is almost necessary. 

Oxvhemoglobim has two further bands in the ultra-violet, at 
S460 and at 2760 Angstrom units separated by a peak at 8100 
Angstrom units somewhat higher than the corresponding one of 
acid hematin. The similarity in the ultra-violet of the absorption 
of the two substances would seem to indicate that it is due in 
large part to a radical common to both. In facet, this similarity 
persists, to a less extent, in the visible. 

Carbon monoxide hemoglobin has an absorption similar to that 
of oxvhemoglobin. The differences are interesting; in the vis- 
ible there is a reduction in the amplitude of the curve, the bands 
are not so sharp, and the transmission is not so great, particularly 
at the peak between the a- and $-bands. It is the lowness of 
this peak which principally accounts for the difference in shade 
between solutions of the two compounds. The visible bands of 
‘carbon monoxide hemoglobin are approximately of the same depth 
as the 8-band of oxvhemoglobin; they are shifted with respect 
to those of oxvhemoglobin toward the violet; the great ultra- 
violet band is much deepened and shifted in the contrary direc- 
tion. In the ultra-violet, the two peaks are higher than in the 
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ense Of oxyhemoglobin. The height of the peak at 3760 Angstrom 
units and the depth of the band at 4190 Angstrom units decreases 
very markedly with loss of carbon monoxide from the solution, 
a change which also holds for oxyhemoglobin. 

According to Lewis (25) beyond 3100 Angstrom units serum 
shows a rapidly increasing amount of absorption which reaches 2 
mexindm at about 2800 Angstrém units, the next minimum being 
at 2ddto Anestrom units. The forms of the acid hematin and 
oxvhemoglobin curves in this region are probably due to the serum 
present In approximate dilution of 1: 200. particular the 
peak at 2540 Anest rom units would seem to be due to this. The 
amount of the extinetion due to the admixed serum is only from 
one-fourth to one-seventh of the whole. 

A tem. laver of undiluted blood serum has an absorption which 
In the red part of the spectrum amounts to an extinction coefficient 
of about 0.2. This extinetion increases uniformly across the vis- 
ible spectrum to reach a value of about 0.7 in the blue. From the 
ultra-violet border out to 3200 Angstrom units the extinction 
coefhicient of serum is approximately 1. It varies probably with 
the food taken. TI have observed the extremes of O.S and 1.7. 

In a dilution of 1:200, therefore, serum has an extinction 
varving from O.00L to 0.004 in the visible spectrum, being only 
O.00L5 at its middle point. These figures added to, or subtracted 
from the extinetion coefficients of the hemoglobins do not change 
them appreciably. The presence of the plasma can therefore be 
neglected in discussing the visible absorption of these compounds. 

The oxvhemoglobin curve as given is approximately that due 
toa laver of whole blood 0.05 mm. thick. Such a layer is equiva- 
lent to a layer of red blood cells in heterogeneous position nine 
thick, or in rouleau, fifteen thick. 

The blood in the superficial capillaries of the skin would there- 
fore be sufficient in quantity to absorb almost completely all the 
violet and ultra-violet light which might’ fall upon it. This ab- 
sorption is particularly intense in the neighborhood of +4200 
Angstrom units. 


HTemotometry. 
The banding in the visible of solutions of these three com- 
pounds makes it extremely difficult to secure artificial color 
matches for them. It would be desirable to find an artificial 
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material whose absorption curve coincided throughout with that of 
one of them. Under such circumstances the match would appear 
perfect in any light and to any eve. As the absorption curve of 
the material to be used as a match deviates more and more from 
that of the blood preparation, factors are introduced which make 
it exceedingly difficult to predict from the curves the character 
which the match will assume. 

That a match then exists at all is due to physiological eondi- 
tions, to the fact that the sum of two colors gives to the eve an 
impression of a third, a mixed color. 

Thus a piece of glass transmitting only green and orange 
light would in daylight appear to have the same color as a piece 
of glass transmitting vellow light. But if pure spectral green 
light were used as an illuminant, the one glass would appear green, 
the other would be opaque. The two substances may thus appear 
to have the same color without their absorption curves being at 
all alike. If their absorption curves are alike, or nearly so, 
they will appear to have the same color under widely varying con- 
ditions, both as to observer and illumination. | It is thus essential 
in order that a color match be satisfactory under varying condi- 
tions that the absorption curves of the two substances composing 
the match be as near alike as possible. 

The similarity must be greatest in the region of maximum lu- 
minositv, a region whose middle point in the case of ordinary 
white light is 54560 Angstrom units (26). Toward the two ends 
of the visible spectrum the luminosity is so small that discrep- 
ancies here do not materially affect the impression on the eve. 

The Miescher hemoglobinometer uses as a match for oxy- 
hemoglobin a gold ruby glass. This glass has a broad absorption 
band with its center at 5200 Angstrom units, Which in general 
balances the two absorption bands of oxvhemoglobin. The trans- 
mission of this glass in thickness corresponding to the oxyhemo- 
globin solution of 0.76 gm. to the liter is given in the upper part 
of Pig. 2, Curve A. Its absorption only roughly approximates 
that of oxyhemoglobin. That a match exists at all is, so to speak, 
ceeidental, and then only under fixed conditions of illumination. 

The upper portion of Fig. 2 contains two other curves, B and C, 
obtained by multiplving the transmission curves of the Miescher 
glass and of oxvhemoglobin respectively by the visibility curve 
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for the Hefner lamp, whose luminosity values are very similar 
to that of the candle. These two modified curves might be 
called the physiological transmissions of the two materials. 
They represent the actual appearance to the eye of each of the two 
materials when illuminated by the candle. The transmissions 
of the glass and of the oxvhemoglobin at each point of the spec- 
trum are deereased at each point to correspond to the actual 
impression which the transmitted light produces on the eve. 
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Pie. 2. Curve D is a plot of the equation ry = — 40, the abseisse 
representing time in minutes and the ordinates the pereentage short of 
full color of an acid hematin solution, the squares being each lO units. For 
the other curves the ordinates represent transmissions in tenths and the 
abseisse wave-lengths in Angstrom units. A is the Miescher glass in a 
thickness corresponding to the oxvhemoglobin of Fig. 1. b is the same 
multiplied by the visibility of the Hefner lamp. C is the oxyhemoglobin 
eurve multiplied in the same manner. IE is the transmission of 1 mm. of 
high transmission yvellow colorimeter glass. F is the same multiplied 
by the visibility of white light. Gis a corresponding acid hematin trans- 
mission so multiplied. It is assumed that there is a sufficient intensity of 
illumination to make applicable the visibility values used. 
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The amount of agreement or disagreement between these two 
physiological transmission curves gives an interpretation of the 
quality of the match. The area under each curve represents the 
quantity of light which each material appears to transmit. The 
two areas are equal, the light fields being presumed to balance. 

There does not seem to be any way to improve on this match 
for oxyhemoglobin. There is no red glass that falls to zero trans- 
mission near 5800 Angstrom units. They all come down to zero 
much further in the red, presenting a distinctly different hue. 
It is possible by using an illuminant that is entirely red to con- 
fine the problem to the level portion of the high transmission red 
part of the oxyhemoglobin curve. Then the shades match 
exactly, but the transmission of the oxvyhemoglobin is there so 
high and the sensitivity of the eve in the middle and far red so 
low that it is impossible to distinguish any but gross differences 
in color. The same situation exists in the case of carbon mon- 
oxide hemoglobin, except that its relatively low peak between the 
two visible bands makes it possible to seek a glass whose single 
band will coincide with the position of this peak. Unfortunately 
glasses having high transmissions in the blue and red have their 
central bands too far over in the green. In the case of acid 
hematin the situation is better. 

I have examined at the laboratory of the Corning Glass Works a 
collection of about 1,000 colored glasses, representing the possi- 
bility of a million pairs. There is no glass or combination of 
glasses giving an absorption whose curve runs closely parallel 
to that of acid hematin. The “high transmission vellow” sema- 
phore glass made by the Corning Glass Works, however, has an 
absorption curve which runs smoothly as a mean through the acid 
hematin curve. It has not been possible to combine this with 
any other glass so as to produce a combination having a curve more 
closely approximating that of the acid hematin than does the 
vellow glass alone. 

This glass matches acid hematin best when to its specifie 
absorption is added the flat absorption due to reflection losses at 
its surface. In colorimetric comparison, therefore, the vellow 
glass is not to be balanced by a corresponding piece of clear 
glass, but is to be used alone on one side of the color balance. 
The hematin solution is, however, to be baianeed for reflection 
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losses at its surface by clear water on the colored glass side of the 
balance. | 

This glass in thickness of about 1 mm.is a very close match for 
acid hematin and the discrepancy between its curve and that of 
the acid hematin is sufficiently small so that the match does not 
perceptibly vary with individuals. In this thickness the depth 
of coloris about an optimum for judging differences of color depth. 

Curve Ie, Fig. 2, gives the transmission of a piece of this glass 
fmm. thick. Curves F and are the physiological transmissions 
of this glass and of a corresponding acid hematin solution. re- 
spectively. They are obtained by multiplving the transmissions 
of the two materials by the luminosity curve for white light. It 
will be seen that they fall more nearly together than do the 
corresponding Curves B and for the Miescher hemoglobin- 
ometer. 

In order that the glass shall match a fixed density acid hematin 
solution the illumination must be constant. It may be either the 
light of a northern sky or that given by a nitrogen-filled tungs- 
ten lamp filtered through “daylite’” Corning glass, the two illu- 
ininants being interchangeable. The match is sufficiently good 
so that further improvement is not a matter of importance, 
there being a limit to the refinement with which any colorimetric 
estimation may be made. The use of a fixed thickness of colored 
material as a standard has a distinet advantage over the use of a 
wedge. It is impossible to secure an artificial color match which 
shall run true through a range of thicknesses, though some may 
do so approximately. 


Clinical Estimation of Oxyhemoglobin., 


There is no method of estimating hemoglobin which is superior 
to the oxygen capacity method of Van Slyke (21). For clinical 
purposes, however, some colorimetric method for the estimation 
of hemoglobin is essential. It therefore becomes a question of 
devising a color standard which shall be permanent, which to 
different individuals shall have the same apparent hemoglobin 
value, and which can be easily supplied as a uniform product. 
A stock of “high transmission vellow” glass having the properties 
set forth in the previous section has been set eside for this pur- 
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pose. Its hemoglobin value has been carefully estimated. It is 
to be used in thicknesses of 1 mm. in connection with some 
colorimeter of the Duboseq type. When used with the Duboseq 
colorimeter it is placed in the light path of one of the cells (at 
the top of the plunger) and the corresponding cell or cup is filled 
with water. In the other cup are placed 5 ce. of O.1 N HC] 
(1 per cent c.p. HCL) and to the cup are added 20 ¢.mm. of blood 
obtained from a puncture wound with a capillary pipette? If the 
two light fields are now balanced by lowering the plunger in the 
hematin cup the hemoglobin reading in gm. per 100 ee. of whole 


O.38d 
blood is represented by the quantity — — Where d is the dilution 


(in this ease 251), ¢ the thickness of the balancing solution in mm., 
the colorimeter reading, and 0.38 a number empirically deter- 
mined for a lomm. glass.4. This expression has to be modified 


> Phe Arthur H. Thomas Company, Philadelphia, is prepared to supply 
this glass eut, ground, and polished to thickness, the thickness being 
engraved on each piece. They will also supply the necessary pipettes, 
and the ‘‘dayvlite’’ unit for use at night consisting of an S”’ roundel of 
“davlite’’ glass and an appropriate shade. The measured glass dises will 
also be provided as a part of the regular equipment of the new Bausch 
and Lomb colorimeter of the Duboseq type. 

>The colorimeter described by Bock, J. C.. and Benedict. S. R., (J. 
Biol. Chem... VS, xxxv, 227) is well adapted for this purpose. The 
colorimeter cup is small enough to be almost tilled by 5 ec. of solution, thus 
permitting readings to be made on bloods running as low as 20 per cent 
of the normal without its being necessary to increase the density of the 
hematin solution by using a larger amount of blood. For the ordinary 
Duboseq eup the 20 e.mm. of blood suffice for hemoglobin readings down 
to 50 per cent of the normal. 

Since the thickness of the glass can seldom be exactly there is a 
further factor multiplving this formula. If A be the thiekness of the glass, 
then for values of /# sufhlerently near unity if is permissible for this faetor 
tobe hitself. As amatter of fact it is slightly less than #4. For sueh an 
approximation # should not vary from unity by more than 0.05 mm. > The 
actual value of the factor is somewhat involved. If @ A), being wave- 
length, represents the values of the extinction coefficients for a Limi, glass 
alone (not ineluding surface loss), then for the glass and surface together 
e= dA) + O.OFL and the transmission is 7 = 10 — (A) 0.041 ‘Curve E, 
Fig. 2). The total energy transmitted by the glass in the visible region 
is the area under this curve, or 


10-¢ (A) — 0.041 dX 
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because of the fact that the hematin does not reach its full density 
for some time (as stated above). If x is the time in minutes after 
making the dilution from the pipette, then the reading Is too 


40 
small by a percentage equal to — and the real reading ts 


38d 


40 
100 — — 
x 
It will be seen that when 2 is very large this becomes equivalent 
to the first formula given. When z is equal to 10 (at the end of 
But, as mentioned above, we are concerned rather with the physiological 
effect of this energy than with the energy itself. If the visibility of white 
light is represented by the function @ (\), then this physiological energy 
impression or the luminosity of the illuminated glass Is 
= 7000 
A = 4000 
The thickness of the glass being hk instead of unity, the new physiological 
transmission integral is 


= 10 ~ CA) — 0.041 
A= 4000 
If Y (A) represents the extinction coefficient of a solution of acid hematin 
matching the glass given by ¢ (A), then a condition for the match is 
*\ = 7000 X\ = 7000 
10-¥ A dy = @ 10 (A) 0.041 
e/ A= 4000 A = 4000 


and this condition holding, then 


X = 7000 X = 7000 
(r) 19 dy + 
A = 4000 X = 4000 


6 (X) 10729 (A) 9.041 


but the two integrals are nearly equal when # is nearly unity. No matter 
how nearly @ (AX) may equal y (A) these two latter integrals cannot be alike 
because of the factor 10-9! in one of them. If conditions are such that 
the surface factor 10°°! is absent then, since the assumption is that the 
funetions @ (A) andy (A) are not identical, it follows that the integrals also 
are not identical. They can be made equal for one and only one value of 
h,avalue here chosen as unity. This inequality constitutes sufficient proof 
of the proposition that a wedge of glass can never exactly balance a vary- 
ing solution density. The accompanying inequalities in shade constitute 
the most important difference. 
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10 minutes), the hematin has reached to within 4 per cent 
in 20 minutes to within 2 per cent, and in 40 minutes to within 
1 per cent of its final value. For mental calculations the figure 


given by the simple formula — ,— may therefore be simply in- 


crensed by these pereentages. 
Table V gives some of the readings by which the calibration of 
the glass was made and indicates what latitude may be expected in 
such observations. The table gives results with. the artificial 
Hlwmination and with ordinary daylight. Each column represents 
ten settings made by the individual whose initials stand at the 
head of the column. The individuals making the settings were 
not aware of the readings until they had finished the experiment. 
It is pnpossible to expect any single setting to come very close to 
the mean. This is true of any sort of colorimetric setting though 

perhaps it is not generally recognized. 
A tormula giving the oxvgen capacity of 100 ce. of blood is 
obtained by introducing the faetor 1.34 into the above formula. 


- X 1.34 = 


Haldane and Smith (27) adopt 18.5 ec. oxygen capacity as a 
normal. The resultant hemoglobin percentage seale is known by 
his name. On his seale the formula for per cent hemoglobin ts 
2.75 
per cent. 

Tables VI end VIL give in convenient form the figures into 
whieh ¢, the thiekness of the balaneing solution in mm., Is to be 
divided in order to obtain the concentration of hemoglobin in 
gm. per 100 ee. of whole blood and in per cent Haldane. The 
dilution is taken as 251. To each of certain possible thick- 
nesses of colored glasses there corresponds « column of figures 
corrected for the time factor in the formation of acid hematin. 
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TABLE V. 


Colorimeter Readings Balancing a Certain Hematin Solution aga: 


Class. 
| = | = 


with daylite "unit 


105 3.9 | 42/40/38 | 4.0 | 4.05) 
10 3.8 | 4.05 4.0} 4.0 | 3.9 4.1 | 
$0 4.15) 4.1 | 4.15) 4.1] 4.1 | 4.0 | 4.15 
$0 4.05) 4.0| 4.0| 4.3 | 4.1 | 4.05] 4.1 | 
105 4.0| 4.251 3.8] 3.9 | 4.2 | 4.15] 4.1 
13 | 3.85) 4.4] 3.8 | 4.15) 3.9 | 3.85) 4.3 
1.05 4.05, 4.1) 4.1) 4.4) 4.1) 3 95) 4.1 | 
10 1.05) 4.35) 3.9 | 4.0 | 4.05] 4.25) 3.8 
$1.25 4.15) 4.05) 3.9 | 4.0 | 4.15) 3.95) 3.95 
1.1 13.8 | 4.0} 4.2 4.15] 4.1 | 3.9 


Aero cor- | | | | | 
rection. 7.8 7.8 | 7.0 7.8 7.0) 7.8 | 7.0 | 7.0 


- 


10. SO 39.8 (41.35 30.85 41 On H) 60. 


& 


—" 
~ 


ation light « of sky 


4.15 | 4.0 | 4.03] 4.051 4.0 | 3.95) 3.4 

105 4.0] 3.8] 3.9] 4.2 | 3.95] 4.0 | 
4.15 | 3.9 | 4.05) 4.05) 4.0 | 4.1 | 3.9 | 4.15 
4.2 | 3.951 3.9 | 4.0] 4.0] 4.0] 3.9] 4.0 
4.15 4.2 | 4.05) 3.95! 3.935] 4.0 | 3.95] 3.9 | 
4.0 | 4.2] 4.0| 3.95] 4.0] 4.0] 3.9 | 3.85] 
4.05 | 4.1 | 4.0 | 4.0 | 3.85) 4.0 | 4.15) 4.1 

4.0 4.05) 4.05) 4.1 | 4.05) 4.0 | 4.05) 4.0 

4.1 4.0 | 4.25) 4.1 | 3.95! 4.0 | 4.05] 4.1 

4.2 (4.2/4.2) 4.0] 4.1] 4.1 4.05 


39. 


60 IS. 35 65 1S. S058 40 7. 60 


40.50 40. 5540.00.39. 40.40.39. 85} 40.40 40. 


17.60 
| 48 35 
2 | 48.05 
43, 25 
40 
60 
| 47.90 


48.05 
O 47.50 
| 
Oo, 47.00 
lo) 47.S0 
Ilo} 48.40 
{) 4G 
15! 48.15 


DO 479. 


Zero cor- a | | | | | | 
rection. 7.0 7.0 7.0 | 7.0 | S.0 SO | | 8.0} 
18.05 47. 0) 17.55 7.0017 SOAS. 15 1048.50 
4.7877 
Oxygen capacity of blood used............. = 20.6 cc. 
= 201 


Thickness of colored glass. ....... 
Colorimeter factor corrected to mm. = 60.38 
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TABLE VI. 


To obtain gm. of hemoglobin per 100 ec. of whole blood, divide the 
colorimeter reading into the figure of the appropriate square, the choice 
of the square depending upon the thickness of the glass used and the 
length of time since dilution of the blood was made. 


Thickness of colored glass in mm. 


Time since 
dilution. | 


0.95 | 0.96 | 0.97 | 0.98 | 0.99 | 1.00 | 1.01 | 1.02 | 1.03 | 1.04 | 1.05 
min | | | | | | 
10 | 95.4) 96.4 97.4 OS 499-4 100.4 101 4 102.4 103.4 104-4 
15 93.1) 94.1) 95.0 96.0 97.0 98.0, 99.0/100.0 101.0 102.0 103.0 
20 92.5) 93.5) 94.5) 95.4 97.4 09.4 100.4 101.3 102.3 
30 92.8 983.8 94.8 95.7) 96.7) 97.7) 98.6) 99.6:100.5 101.5 
410 92.5 98.5) 94.5) 95.4 96.4 97.4 98.3 99.3100.3 101.2 
91 6 Q2 5) 93.5 96.4 07.5 99.2100. 2 


TABLE VII. 


To obtain the per cent hemoglobin, Haldane seale, divide the color- 
imeter reading into the figure of the appropriate square, the choice of 
the square depending upon the thickness of the glass used and the 
length of time sinee dilution of the blood was made. 


Ti Thickness of colored glass in mm. 
Ime since 


| 0.95 0.96 | 0.97 , O98 | 0.99 |; 1.00 | 1.01 1.02 | 1.03 1.04 1.05 

10 683° 690) 697 | 704 | 712 | 719 | 726 | 733 | 740 | 748 | 755 

680 | GST | 694 702) 709 | 716 | 723 | 730 | 737 | 744 

20) 669 | 676 | | 690 697 704 | 711 | 718 | 725 | 732 | 739 

30 | 664 | 671 | 678 | 685 | GOP | 699 | 706 | 713 | 720 | 727 | 734 

1) | 662 | 669 | 676 | 683 | 690 | 697 | 704 | 711 | 718 | 725 | 732 
Final.......| 655 | 662 | 669 | 676 | 683 | 690 | 697 | 704 | 711 | 717 | 724 


CONCLUSION, 


The transmissions of acid hematin, oxvhemoglobin, and earbon 
monoxide hemoglobin for the ultra-violet and visible spectra 
have been determined to within limits of error, which I beheve do 
not exceed 4 and 2 per cent respectively. The quantitative data 
for the oxygen capacity of hemoglobin has been shown to agree 
essentially with certain spectrophotometric data and the two have 
been brought into correlation with each other and with the com- 
plete absorption curves of the three compounds. The optical 
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conditions underlying colorimetric hemotometry have been 
briefly discussed. A hemoglobinometer with a colored glass 
standard has been deseribed. 


I am indebted to many for the interest which they have shown 
in the experimental difficulties which have presented themselves. 
More particularly I wish to thank Drs. Littleton and Gage of 
Corning and Dr. Karrer of the United Gas Improvement Com- 
pany for the facilities which they have extended to me. 
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A POTENTIOMETER FOR THE DE- 
TERMINATION OF HYDROGEN ION 
CONCENTRATION IN SOLUTIONS 


HE POTENTIOMETER illustrated above is now being used by a number of 
investigators for measuring the E. M. F. between the Hydrogen and Calomel 
electrodes in Hydrogen Ion Concentration determinations. It is rapidly replacing 
the electrometer for such work for the following reasons: first, it is much more sensi- 
tive than the electrometer; second, its use does not entail the annoying delays 
met with in the use of the electrometer when overcharged and thus polarized. 
The Leeds and Northrup Potentiometer has two ranges. Normally measure- 
ments may be made up to 1.6 volts by steps of .00001 volt. A range changing 
plug enables measurements to be made up to .16 volt by steps of .000001 volt. 
The precision of adjustment is such that on the high range measurements from > 
.| volt up may be made to a precision of better than 1/50%. On the low range 
measurements from .01 volt up may be made to the same degree of precision. 
The instrument and its accessories require little or no attention. Its manipu- 
lation is simple. 
A full description of this potentiometer will be sent upon request, as well as a 
list of some of those who are now using it for Hydrogen Ion Concentration 


determinations. 


THE LEEDS & NORTHRUP CO. 


ELECTRICAL MEASURING INSTRUMENTS 
4930 STENTON AVENUE PHILADELPHIA 
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